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APPENDIXD 
NPC's 1995 SURVEY oF 

RESEARCH AND DEVELOPMENT NEEDS 





PART I 
SURVEY QUESTIONNAIRE 





National Petroleum Council 

1995 Survey of 
The U.S. Natural Gas and Oil 

Research & Development Needs 

Please return this. survey by Wednesday, March 15 to: 

Benjamin A. Oliver, Jr. 
National Petroleum Council 
1625 K Street, N.W. 
Washington, D.C. 20006-1604 

SURVEY COMPLETED BY: 

Compan�----------------------------------------------------------------------------------------------------------------------

Con�ctName: ___________________________________________________________________________________________________________ __ 

Contact Title: ------------------------------------------------------------------------------------------------------------

Telephone: --------------------------------------------------------------------------------------------------------

FAX=--------------------------------------------------------------------------------------------------------------------

SEE PAGE TWO FOR PURPOSE AND INSTRUCTIONS 
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NPC 1995 Survey of 
The U.S. Natural Gas and Oil R&D Needs 

- Purpose and Instructions -

The National Petroleum Council (NPC) has agreed to conduct a study for the Secretary of the 
Department of Energy (DOE) to determine the research, development, and demonstration needs 
of the oil and natural gas industry. The study will identify short- and long-term technology needs 
-both upstream and downstream- and consider the role that DOE* programs and National 
Laboratories - as well as other public and private labs - might have in meeting these needs. 

In connection with the study, this survey of technology needs is designed to: 

• Identify specific technology needs, the expected business impact and timing of needed 
advancements, as well as the willingness to collaborate to advance these technologies (Survey 
Questions 1-11). One purpose of the survey is to identify issues that favor or disfavor 
technical collaborations among the natural gas and oil industry, DOE, the National 
Laboratories, and other public and private labs. 

• Identify what impediments to achieving your company-wide business needs might be 
overcome by improved technologies (Survey Question 12). 

• Provide a profile of survey respondents (Survey Questions 13-22). This information will be 
used to describe the types of companies represented by the survey responses and to analyze 
the survey responses by company type, business segment, etc. 

In NPC's published report, survey responses will NOT be identified with individual companies. 

Company Response: We would like to receive just one survey document from each company. 
But we also would like the responses to be company responses and to be based on input from 
executives or high-level managers responsible for the particular business or technology segments. 
Technology needs questions are grouped under the following areas of company activities: 

• Exploration • Oil Processing and Refining 
• Development • Gas Processing 
• Drilling and Completion • Gas Gathering 
• Production • Gas Storage 
• Deepwater Offshore • Environmental and Regulatory 
• Arctic Region Activities 

Assistance: If you have any questions about these instructions or the survey document, please 
call Benjamin A. Oliver, Jr. at the National Petroleum Council, (202) 393-6100. 

*There are two ways to work with DOE, with the first being via collaboration with one or more of the nine National 
Laboratories - Argonne, Brookhaven, INEL, Lawrence-Berkeley, Lawrence-Livermore, Los Alamos, Oak Ridge, 
Pacific Northwest and Sandia- which the survey refers to as National Labs. The second option, which the survey 
refers to as DOE, is a cost-sharing arrangement with one or more of the following -

• Morgantown Energy Technology Center (METC) for most natural gas projects 
Pittsburgh Energy Technology Center (PETC) for some natural gas projects 

• Bartlesville Project Office (BPO)/National Institute for Petroleum and Energy Research (NIPER) for oil 
projects 

• Metarie Site Office (MSO) for natural gas· and oil-related environmental projects (upstream and 
downstream) 

• Rocky Mountain Oilfield Testing Center (RMOTC) for field testing oil- and gas-related tools and techniques 

Please provide a copy of this page to each person who completes a portion of the survey. 
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Q.l) EXPLORATION 

Complete Ibis page If your 
company participates In 
EXPLORATION. Ifyour 
company does NOT do 
exploration, please check this 
box 0 and go to page 5. 

Explorallon Technoloi!Y Needs 

1) 3D Basin modeling 

Impact 

A) Wbat tmpacl would 
advances in Ibis technology 
haVe 08 youuompaoy? 
For each technology, check 
one of the fC)IIowlog: 
• High means the techriolog· 
leal advante would have a mqj�r lmpacl on your com· 
pany's performance In 
terms.of cost reduction, 
galas .In dolilesllc product· 
loa, emcleoq, etc. 
• Moderate '" moderate 
impact 
• Low ... low lmpa<t 

Blab Moderate Low 

Tlmeframe 

B) Do you consider 
adl'tJnceS to this .tech· 
nology to be a short, 
term or loag-terp! need? 
Foreach. technology, 
check one or bOth of the 
following: 
• Shoit term means your 
company would need dd· 
vanm to this t�llriology b)' the end or 1999 
• Long temi means your 
compaay would need dd· 
•allceS to this technology 
between 1999 and 2010 

Short 
term 

Long 
term 

Likelihood !If Commercial AvaUabUIIy 

Given wllat you see as t.be pace of development.today among 
1111 orga'lb&llons developlag technology, I.e., bushiesil as usual, 
wllat Is thdlkelii!Ood that advances to this technoiDtij will be 
commercially �I .. .By the end of 1999 .. .Btiwem 1999 alld 2010?. 

• High. Ukellbood means that the ch.ance or ihe tethnologlcal 
advance becOming comJDerclaUy unllll I� greater than 75% 
• MDtkmle Ukellbood means that the .chance or the tetbno, 
logical odvance .beeoming commeldall,y use(iJI Is 25% to 75% 
• Low. UkeUb!IQd mea us that the chance of the technological 
advance becoming commercially useful Is less than 25% 

C)".By end of 1999? 

For each tecbnol'!l!)', 
check one of the foUowlog: 

High Moderate· I Low 

D)-Between l99!1 and 2010? 

For each technology, 
· check one of tbe following: 

High Moderate Low 

Willingness to Collaborate 

E) Is your company willing to collaborate to advance this technology? 
For each technology, check Yes or No. 

If Yu, Enter In #F) codes or 
. organizations yoor COIDpany 
would collaborate with: 
D DOE• N Nallonal Labs 0 011 and/or gas companies 
R Researdl. inslllutes 
S USGS and sinte surveys 
T Trade assoclallons 
U Unlversliles 
V Vendors/service companies X other 
Y All of above 

Yes No 

F) JC Yu, Ust codes 
of OIJanbaUons 
your company would 
collaborate wltb. 

Ir No, Please explain why 
in #G) using one of the 
foUowlog codes: 
C Confidenllal/proprleiney 

concerns 
I Intellectual property concerns 
N No beneDt expected 
R Technology perceived 

as too rlsl!;y 
X Other - Please explain In 

space below. You may coo· 
tinue comment on back of 
form If needed. 

G) UNo, why no&? Llsl code,. I.e., 
C, /, N. R, or X. Ir X, I.e., othrr, 
specll)reason. 

II 2) Risk assessment methods 
IJ.------T----------t-------tr----------T----------tr--------1---------T-----"''t-------r----------t------'"1�-----t-_ _ _  ..,�-----------------r ... --------------------------3) High·resolulion seismic deplh imaging 

II 4) Specialized seismic processing 
��------+---------+------lt-----------T----------tt---------t---------T-----.. tt·------1-----------t------·u·-----t-- - - ·lt·-----------------lt---------------------------

5) Sequence straligraphy techniques 

II 6) Workstation seismic: modeling ��------T---------T-----"1t-----------1"---------"1t---------T--------T------tt-------1"---------T------tt------1"'----tt-----------------.. t---------------------------
7) Geochemical analysis 

II 8) Airborne/satellite remote sensing ��------t---------;------i�----"-----t---------1�--------t------"" ;------1�-"----t---------;------1�-"---r---1t----------------1r---"---------""------"----
9) Fault seal analysis 

II 10) Mulli-component seismic techniques ��------T---------T-----"1t-----------T---------"1t---------1"--------T-----"11""------1"---------T------t�-----1"'---""'t-----------------..... --------------------------
l 1) 31;> Paleostructural res I oration 

II 12) Amp1ilude versus offset (AVO) in 3D l!-------1'----------t------"1�----------1'----------ll"--------1'---------t----"-"11'------t--_____ ---.,. _____ .,"_" ___ ,_ _ _ _  -tr-"--------------•�--------------""--" ___ " __ _ 
13) 3D Visualization tools 

II 14) Advanced seismic acquisition ��------1'----------t------"11'----------1'---------"11'-__ " ____ t' _____ ----t-"----"1r---"--t--"--------t------"1r-----t-" _ _  -tr----------------•�----------"---------------
IS) Geographic information systems 

16) Geophysical fracture-detection methods 

•Cost sharing/demonstration projects- see page 2. 
Survey instructions may be round on page 2. 
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Q.l) (Qln't.) ExrLORATION 

m � tb'i'e .i!ll!er explorajloo @!lio/g�Uui•IIIJCis �r eompl"ely "9/Jijrpra/{9� tbnt>"ouJeel are 
�£j,���::::���ratloo? PJe8s• cbedt Yu or /{o; 

Jxtli lr ru, pi� list eadl . addlllolllll exploriitloil teclniology . �Ol'l: aod IIIISwer 9Destloos A llii'O!IP G tor eacb added 
tecllilology. 
No If No, please go to oext page. 

Exploriitloo Teclluology Needs 
18) 

19) 

Impact 
A) What lmpliet would ad· 
wuc:es or IDuovatloas ID 
this teelluo.lo� luiva oo . · 
your £!1mpaiiJ'l . For eacb 
tecbaol�gy; .cbedt oue or tbe 
follo'!IDgi •lilgh means tbe t•cb8ol��- . 
leal advauc:e or luuowllou 
would luive a rit4/iJr ltilpad 
oo your coiDpaDJ'S per­
formauce lil.terms or cost reduction; ptns ID !loillestle 
ptoiludloll, emcteocy, elc. 
• Mod� - moderate 
Import > . . •  
• Low • ., low lmpiict 

I 
Blgb. I Moderate LOw 

Tlmeframe 
B) Do rou couslder tbe 
tecboologleal adrance or 
l""ovallon to be a sbort· 
leriu or loq·term ueed? 
For eacb tecboology, 
dteck .oue or betb or tbe 
rollowlog: 
• Short term mt!aus your 
crimpail,y Wiluld ueed tbls tecboologlcal 
adwuce or lnliowtlou 
b)' tbe eud of 1999 
• Long term meaas roor 
dlmpal\f would ueed 
t.hls tecbuologleal. . .·. adwlice or IDoovitllou 
betweeu 1999 auil 2010 

Sbort 
term 

LOng 
term 

Llkelll!ood or Commercial AvaUabJUty WJIJIDgDeis 10 Collal!Orate 
Glveo wluit you $te as t.be pace of deveiopliieut. today among E) .Is.yoor COiiiJ,iilliy wiUblg to collllj,o.rat� to advUn� .·lhi$ tecbnoiCI!iY? all OI'II&Dizlltloas dev. eiOJ.l

.
lng

. 
tecbool

·
o

.
gy, , I.e,. b

.

u 

.. 

sh1ess as usual; For • .. 
adt

.
teelni

·
·
·. . ·

ology• ,· .. ·•.b
eck

. 
Yu or No •. ·.

· •·· 
. 

.· . . . ·.• .. ·. wluit Is tbe 1/hllhood lbal Ibis t�hiiO/oilcal adriJnce or. . . .. . . . . .... · ......... . lniiOY«<lon wUI bf1 <amnie�Uilly IUf!JUI •• .By 1M end of Jr ru, ;l!:�ter llt#F). cOileil or lr ;v.,, l'lelise explaiD \¥ti�•····· .·· · · 
l999"Jietw�}999 and 2010? . org&Dl2atlons your <ompaJiy lij .#(;) �sing �llli 11r the •lilgh Ukellbooo meaDS tluit tbe cbance or tbls tecbuology woulcl.collaberate wltb: toUoq cOiles:. . > .· .•·•·. becOming coiDiil•rc.liiUf useiW .. greater tbau 7�% . . D DOE• . C. Co�eutlal/prop.-fetaq' , M'Dihrate HJ(ellbood means tluit tbe cluince or tbls teelniology · N · National. LOIJs . . . . . . . CClDi:erils . , .. • .• •••...• ·.•· ..• 

· ···••• > beeomlng toinmerclaUy useiW Is 25% to 7.5% . . o on imd/or gas eompaliles L InteUeetoalpfCipeity to1lceriis ·Low llkellbood meaus tluit tbe c.bance or this teebnology R 
· 

Resean:h.lDStltutes N No �nellt �ected · · ···· 
becoming com.merdally useful Is less tluiu 25%. . S U�GS ����. s�.te. surveys R Te�o!�IIY pe�lved I · 

. 
. · . 

· 
. 

· 
. ..··. . ·. . . . .. . . .. . . T T.i'ildussocliltloos as t�o i'lsl!i <, 

C)-B)' end or 1999? D)•.Be-n 1999 lind 2011)? U Uolversllles . X Otb�!' .;;.... �lease apl@! IIi 
V Veudol'S/sentte eompaules spaCfl!lelo,., )'o•• lli• con• 

For each tecluiology, For eacb tecbnology, . . X Otber .· · 
Unue coDIJDeDI on bii� of 

cbeek one of tbdoUowiDg: cbeck one of tbe roUowlng: Y AU ohbove . torm lflieedld, · 

I 
Blgb Modemle LOw Blgb Moderate LOw Yes No 

11) U y.,, IIIII c:udes . 
or oraailtnuons . 

·your toiDPIU\I' would 
, .collaborate wllb, 

G) UNo; whY no!? l,!st �"""' I.e. c, I, 1(, II, orX. lt .t; L<!.;�tlth-, ipedty reason. 

I �------•---------+------f�oo----------+----------....� ... ________ ..,. ________ • _____ ..,..., ______ .,. _________ • _____ ...... _____ ..,.--- ..... ________________ .... _________________________ _ 20) 

21) 
I �------+---------+----_..,..., __________ .,.. _________ ..,.._ ________ �--------•-----� ... ------�---------•-----��------�-- -··,.,·----------------"''"--------------------------22) 

23) 

•eost sharingldemonstration projects - sec page 2. 

For EXPLORATION technologies, please print appropriate contact name and telephone number, If different than on page one. 

Name=------------------------------------------------------------------------------------------------------------------------

Telephone: --------------------------

Survey inslruclions may be (ound on page 2. 
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Q.2) DEVELOPMENT 

Complete (hili Pllge If your 
cam}Nin)' partldpateii In J)��PI\fENT. lf;your 
�!Qpaliy !loes NOT !lo !levijoplilelit, please check this 
box D lin!! go to page 9. 

Impact Tlmeframe LlkeUbood of Commmlal AvallabiUty WiWDgDeu to Collaborate 

A) Wllat impact WoUld 
advances bi this technology 
have on your compall(l 
FOr ead! tecllnolotll', daeck 
one of the follOWing: 

B) Do you coJ!Sider Given what you see as the pace of development today among 
llllrtiMa to IIIII leda· all orpnlzatlons developing tedanoiOIII', I.e., llusbieu as usual, 
aoiOIII' to he a short· what Is the IIMllhood that adwam to tlds technolotll' will h 

E) Is your company wllibig to collallorate to advance this tecllnolo&J'l 
FOr eada ledaaology, elleek Ya or No. 

r 
Rese""lr Cbaraeterlzatlon 

. Tecbnolligy Needs 

I) Advanoed reseiVOir analog models 

2) Computer-based 3D geological 

• Hlf/1 iiletiJ!S .the tedanolog· 
leal iulwmee would llnve a 1111fiDi hiljlad on your Clilm· 
pany's perfonnance IIi 
terms or cost reduction, 
pins In doli:lest•e produdo 
loa, emdeney, ett. 
• /tlodmik ... moderate 
Impact . 
• LDw - low Impact 

Hlp Moderate 1· Low 

term or loDB-tllrm need? CIIIIIIIIITt!lliU, ,.,L • .By lhe lrul qf 1999 .. .B- 1999 and 2010? If Ya, Eliler Ia #F) Clildes of 
For eaoll teellaol0111'1 . . . orpnlzalloas your compaay 
daeck oae or llotll of the • High Ukellllood means tbat tbe ellaaee of the tecllnologleal ...,uld c:oUaborate with: 
foDowlog: iulwaee llecombig commerelally usellll b greater than 75'1' D DOE• 
• Slu>tt tmri meaos your • MtlllmiU UkeUIIilod mesas that the ellaneti of tlie tedano· N Natlo1181 Lalls 
compaay would aeed 1111· logleal.iulvance llecomlog commerelaU, oselblls 25'1' to 75% 0 Oil alid/or ps eompaales 
- to IIIII tecllnology ·lAW !lkellliood meaus ella1100 of the tecllnoloJdeal iulwaee R Reselil'da Institutes 
b)' the ead of 1!19!1 llecomlag commerdlill,y oselalls leu tllaa 2� S USGS aad stole survqs 
• Long ttrm means your . · . . 

· · 
. . 

· T Triule Bssodallons 
compaay -.,uld need 1111· C)..Jiy ead of 1!1!19? D)-Between 1!1!19 aad 2010? U UlilYerlillles 
Wlliu.r to lids tecllnoloaY . . V Vendon/senlee compaales 
lletween 1!1!1!1 and 2010 For esda lecllnOIOIII', For eada tecllno. lc!iY, . X Oilier 

Short 
term 

Long 
term 

daeck one of the tollowlog: daeek one of the fOIIowlai: Y All or aboVe 

BJJIIl. Moderate Low Bl&ll_ Moderate Law Yes No 

�ltYor,listoadu 
JOUr �..:,oa:., •• d 
eollabonte wllb. 

If No, Please exJIIabi wily 
In #G. ) . asbii 

.

oae o.f· the 
toUowlog eocltii . 
C Coilfldeallal/proprlelal)' 

tontei'IIS 
I lliteliectual prllperty COIICeras 
N No lleadll exp� ·. · 

R Teellnolo&Y pereeiVfld 
8$ loli rls!Q' '. X Oilier -·PhaSe expiabi IIi 

· •JIIice lleloW. You m111 coa· 
tbiile eollliiiJiitOn baCk of 
llii'Di It lieedid. 

G) It No, why ncii?. Ust .;..,1..;_; C,/,N,R, til'� It� l.e.«Mr, . i(ied� reaioJi. 

modeling . ... � 1-------+---------+-----��-----------t-----------t�---------t----------t-------t�-------t-----------t-------t•------t-- - -... ----------------·�--------------------------
3) Development--scale seismic 

app1ications 

4) Tracers (biologidchemical/ 
radioactive_) _ __ - - · ·-· 

�------+---------+------1�----------+----------u---------+--------+------l�------+---------+------l�-----+- - --ll----------------·�--------------------------
S) Core analysi$/imaging 

6) Oeostalistlcal reseiVOir descriotions -------'----lt-------+---------+-----"it-----------+----------lt---------+--------T------It-------+---------T----•ooft------1"'----r ..................................................... .., ........................................................................... ... 
7) Outcrop analog studies 

8) Fluid-roclr lnt�n�PIInn 
,, 

.. ................. 
11--------t-----------t-------t•-----------t-----------t•---------t----------t------.... �-------t-----------t-------tl'------t-- - --t•----------------·�--------------------------

9) Rook physico 

II JO) Qoss-well geophysical im�ng ��------•---------.... -----.. �----------•---------

11) Advanoed allnoute proc:cssmg 

II 12) Seismic/loglcore calibration ��-----_., _________ ..., _____ .,� __________ ., ________ _ 

13) Cullinp analysis 

Survey Instructions may be found on page 2. 

•Cost sharingfdemonstration projects - see page 2. 



9 0) 

Q.2) (Cou•t.) DEVELOPMENT Impact Tlmel'rame 

Complete this page II your A) Wbatlmput would B) Do )'OU consider �a:f�lclpates In DEV- advances In tbls teebnology tulwmca to tbls tech· 
P • l�our com- bave on ;your company? noiOIIJ to be a sbort· 

pany does NOT o develop- For eacb teelmoi011J, cheek term or loag-teim need? 
one of tbe following: For eacb teebnoiOIIJ, ment, please go to page !), • Hlgll means the teebnolog- cheek one or botb of tbe 
leal advance would bave a followlag: 
nuWw. lmpt�ct on )'OUr com• • Slull't tum means ;your 
pany's ptrrormanee In company would aeed ad· 
terms or cost redudloa, "'""' to Ibis technology 
gains In domestic product· by tbe end of 1!199 
lon, eflldeney, etc. · una term means )'OUr 
• Modmm - moderate company would need od-
Impact "'""' to Ibis techno� 
- lAw ... low Impact between 199!1 and 201 

Formation Evaluatloa/ Sbort Long 
Blah Well LoaRIDII TechnolotiY Needs Moderate Low tenil term 

14) Reservoir propeny Identification 

IS) Through casing loging ------ --------- ----- ---------- ---------

16) Deep in ... tigation tecbniques 

17) Hf&h resolution borehole Imaging logs 
------ --------- ............... ---------- ---------

18) Specialized core analysis 

19) Characlerizatlon of rock wellability ------ --------- ----- ---------- ---------

20) Permeability lngaing techniques 

21) Tracer techniques ------ --------- ----- ---------- ---------
22) cr scanning and NMR imaging 

23) Formation water chemistry 
----- --------- ----- ---------- ---------

24) Fluid sampling and analysis 

Survey instructions may be round on page 2. 

LlkeUbood of Commercial Availability 

Given wbat )'OU see as the pace or development todny among 
all o1:'Dlzatlons developlag tecbnolog, I.e., business as usual, 
wbat tbe llbllhJIIIdtbat advances to tbls treluwiDgy will be t:flllllltfl't:illlfl uufui • .By the end of 1999 . . .Bttwem 1999 and 2010? 

- Hlgll Ukellbood means tbat tbe tbence or tbe teelmologleal 
advance becoming commerclall,y uselbl ls greater tban 7� 
• Modmlte Ukellbood means tbat tbe tbence or lbe techno· 
loaleaJ advance beeomlog commerciallY useful Is 25,. eo 7� 
- lAw Ukellbood means chance of tbe teebnolt"-1 advance 
beeomlag commerclall,y uselbl ls leu tbaa 25 
C)-B;y end of 19911? D)-Between 1999 and 20101 
For eacb teclmology, For eacb teebnoi011J, 
cheek one or the following: cheek one of tbe following: 

Blah Moderate Low iiiRb Moderate Low 

-------- -------- ----- ------ --------- -----

-------- -------- ----- ------ --------- -----

-------- -------- ----- ------ --------- -----

-------- - - ------ ----- ------ --------- -----

-------- -------- ----- ------ --------- -----

WUUagaess Co Collaborate I E) Is )'OUr company wiUiag Co collaborate to advance this teelmolog? 
For eacb tecbnology, cbetk Yr.r or No. 

If fa, Enter In #F) codes of If No, Please explain why 
orgalllzatlons )'OUr company In #G) using one of tbe 
would collaborate wltb: following codes: 
D DOE• C Conftdentlal/proprletal}' 
N National Labs concerns 
0 011 and/or gas companies I lntelleetnal property concems 
R Research Institutes N No beneDI expected 
S USGS and stale surveys R Techno= perceived 
T Trade assodatloas as too rls 
U UalV.nltles X Otber - Please explain In 
V Vendon/senlce companies 
X Other 

:&lice below. You mil)' con-
ue comment on back of 

Y All or above fol'lll If needed. 

F) u r.,ltstcades G) UNo, whJ not? Ust codo, I.e. 
of OI'JIIInl1811ons G;I,N,B,arlt.IC'Jt.l.e•odm, 
:rour tOmpRD.)' would spedCjreaiiOII. 

Yes No collaltemto wtlb. 

----- --- ---------------- --------------------------

----- --- ---------------- ---------------------------

----- --- ---------------- ---------------------------

----- -- - ---------------- ---------------------------

----- --- ---------------- ---------------------------

'Cost sharing/demonstration projects - see paso 2. 
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Q.Z) (Con't.) DEVELOPMENT 
Complete this page If your 
Cl)mpany participates In DEV-
EJ..OPMENT. If your com· 
plinY does NOT do develop-
ment, please go to page 9. 

Reservoir Management 
Technology Needs 

25) Advanced reservoir simulation 
modeling 

26) Workstation single well simulations 

27) Procedures for data scale-up 

28) Experl systems applications 

29) Time lapse seismic imaging 

30) Advanced monitoring of EOR 
processes 

31) Advanced well testing and 
interpretation 

32) Material balance applications 

33) Decision and risk analysis 

34) Expendable well bore 
inslrumenlalion 

Survey instruelions may be round on page 2. 

Impact Tlmeframe 

A) Whatlmpatl would B) Do you consider 
advances ID this technology odvoncis to Ibis tech· 
have on your company? nology to be a short· 
For each techoology, check term or loag·term need? 
one of lbe following: For each technology, 
• High means the technolog· check one or both of the 
leal advauce Wlluld have a following: 
major Impact on your com• • Short tenn means your 
pany's performauce In company would need od· 
terms of cost reduction, WJnces to this technology 
gains In domestic product- by the end of 1999 
ion, efficiency, etc. • Long term means your 
• Moderote ·... moderate company would need od· 
1m pact 
• Low •• low lmpact 

WJIICOS to this technology 
between 1999 and 2010 

Short Long 
High Moderate Low term term 

------ --------- ----- ---------- ---------

------ --------- ----- ---------- ---------

------ --------- ----- ---------- ---------

------ --------- ----- ---------- ---------

Likelihood of Commercial AvallabiUty Willingness to Collaborate 

Given what you see as the pace of development today among E) Is your company 'WIDing to collaborate to adVSDce Ibis lechoology? 
all o�anlzatlons developlag technology, I.e., business as usual, For each technology, check Yes or No. 
what s the 1/M/ihOO<t that advances to this technology will be 
commerclolly us({ui .. .By the end of 1999 ... Between 1999 ond 2010? If Yes, Enter In #F) codes of If No, Please explain wby 

organizations your company ID #G) u� one of the 
• High likelihood means that the chauce of the technological would collaborate 'With: follo'Wiag es: 
advance becoming commercially useful Is greater than. 75% D DOE• C Confidential/proprietary 
• Moderate likelihood means that the chance of the techno· N National Labs concerns 
logical advance becoming commercially nseful ls 15% to 75% 0 Oil and/or gas companies I Intellectual property concerns 
• Low likelihood means chance of the techoologlcaladvance R Researeh Institutes N No beneDt expected 
becoming commercially useful Is less than 25% S USGS and state surveys R Techoology perceived 

T Trade assodatlons as too risky 
C)M.By end of 1999? D) • .Between 1999 and 2010? U Universities X Olber - Please explain In 

V Vendors/service compaDies space below. You may con· 
For each techoology, For each technology, X Other tinue collllllent on back or 
check one of the following: check one or the following: Y All of above form If needed. 

F) It Yer, list codes G) UNo, wby not? Usl code_ I.e., 
of organizaUons C, I, N, R, or X. Ir X, I.e., otMr, 
your comPany would speclty reason. 

High Moderate Low High Moderate Low Yes No coJiaborate with. 

-------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

-------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

-------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

-------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

'Cost sharing/demonstration projects -see page 2. 



� 
Q.2) (Con't.) DEVELOJ>MENT 
35) Are tbere otber developmeut 
f6thnii1Dilml IIIIFII- or C�Jmplllfly 
- lnft0FIIIio111 tbat yon feel are 
liilportaiit to tbe success Of 
Cl)ilipaules eDgDged lu development? 
.Pieilse cbeek Y• or No. 

·..:.... Yeli Jf Y«r, please l!st each 
liddlt.loual developmelit .tecbaoloiJ below Bll!l iiiiSWer Questions A 

. tbroup G for eacb added tidmoiOIY. 
_ No If No, please go to uext page. 

Developmeat TeebaoiOIY Needs 

36) 

37) 

38) 

39) 

40) 

41) 

Impact 

A) Wllat lmpcret would 
ad\'BaCeS or luiio\'Btlous ID 
tbls teebuotqy have on 
JOUr mmpa:C For eaeiJ 
lec:biloloi!Y, c eek oue of tbe 
followlag� . 
• High meaus tbe tecbuolog., 
leal advailce or IDilovatloll 
would bilve a � lmpm:t 
ou your mmpany's per-
fol'llialice ID terms of mst 
redudlou, galas iu domestic 
produdlou, ellleleuey, etc. 
• Motlnte ... moderate 
Impact 
• Ltlw ... low Impact 

Blgb Moderate Low 

------ --------- -----

----- --------- -----

Tlmelrame 

B) Do you consider tbe 
lec:bnoloalcal tiiiFIIm:tl or 
tnniWtllltm to be a sborf. 
term or lo"'t'term need? 
For eacb teebuoloi!Y, 
check .oue or botb of tbe 
lollciwlug: 
•. ShOrt term mesas your 
mmp:% would ueed tbiB t iloloaleal 
iuiYIIllee or IDDO\'Btlou li)' tbe eud of 199!1 
• Ltlng term meaus your 
come wuuld Deed 
tbls I . aoioalcal 
ad\'8Dce or toaovatloa 
between 1999 aud 21110 

Sbort Loag 
term term 

---------- ---------

---------- ---------

LlkeHhood of Commerdal AvaOabUity 

Given wbat you see as tbe pace of development todiiJ amoDg 
all o�Dizatlous dev.lopl"&t lec:ba�l.e., business as usual, 
wbat tbe IIMiiiUNHI tbat s 1 ml tiiiFIIm:tl or 
lnlltiFIIIif!ll will Ill .i:tlmmm:flllly usi/lli • ..By tlw end of 1999 .. .Bifwfen 1999 ollil Zf!IIJ? . 
• fllgh llkellbood mesas tbat tbe cbai!Ct or Ibis teebuoloi!Y be4;!111i1Da tommet"!'llilly usetulls areater lbau 7� . 
• Motlnlllikellbood meaus that tbe chalice of tbls tecbiiOIOIY 
beeomiDg llOiilmerdally useful Is 25'1& to 75'1& 
• LOw UkeUbood mesas tbst ibe cltance of tbls teebuoloi!Y 
beeomlug mmmerdally usefolls less lbau 2S'llr 

C)".By eud of 199!1? D)-Between 1!1!i!l aod z010? 
FOr each tedmo�

i cbeek oue of lbe fo lowlag: 
For each tecbaology, 
cheek oue of tbe toUowlag: 

Hlgb Moderate Low 111gb Moderate Low 

-------- -------- ----- ------ --------- -----

-------- -------- ----- ------ --------- -----

For DEVELOPMENT technologies, please print appropriate contact name anci telephone number, If different than on page one. 

WIUIDgaess to Collaborate 

E) Is your company wlUIDg to collaborate to adYIIllce tbls tedmoloiiJ'l 
For each tecbnology, ebed< ra or No. 

lr Y«r, Eater lu #F) codes of 
orplllzatlous your company 
would .collaborate wltbi D DOE• 
N Natloual Labs 
0 Oil aud/or gas mmpaules 
R Jteaearch tostltutes 
S USGS aud state surveys 
T Trlide associations 
U Uulvenltles 
V Viudorslservlee mmpaules X Otber 
Y AU of above 

Jl) rr r ... list <Odes oforpnlzaUoru 
Yei No 

�::!=.:r.':f,:,'uld 

----- - - - ----------------

----- - - - ----------------

If No, Please esplaiu wily ID #G) us:J oue of tbe followiDg 881 . . . � Couftdeilllaltproprletary 
concerils 

· · 
I llite11ectiial property coucerui 
N No beuellt expected 
R Tedmollf, penielved 

as toorl 
X Otber - Please esplalu lu 

space bi!Jow, ·You may ma• 
!laue coiilmeat oa bock of 
form If ueeded. 

G) lr No, ...., nat? Ust code, I.e. �i,N,B,orX.!rll;t.e.OIINr, _.11 reason. 

---------------------------

--------------------------· 

'Cost sharinl!fdemonslration proji:cls - see 1"'8" 2. 

Name=--
----------------------------------------------------------------------------------------------------------------------

Telephone: --------------------------

Survey lnslructlons may be found on page 2. 
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Q.3) DRILLING AND 
COMPLETION 

Complete this page if Lour 
eompany participates n 
DRILLING AND COMPLE· 
TION. If your company does 
NOT do drilling and compte-
lion, please check this box 0 
and go to page 11. 

DriiUng aod Completion Technology 
Needs 

I) Horizontal well bore applications 

2) Drilling fluid design 

3) Advanced fracture techniques 

4) Cementing 

S) Pedoraling and well bore cleanup 

6) Well productivity 

7) Multilateral technology 

8) Innovative bit and tubular technology 

9) Slim hole drilling 

10) Under balanced drilling 

I I) Measurements while drilling 

12) Coiled tubing drilling 

13) Unconventional drilling technology 

Survey instructions may be found on page 2. 

Impact 

A) Wbat Impact would 
advances In Ibis technology 
have on your eompany? 
For eatb technology, tbe<k 
one ortbe following: 
• High means tbe tecbnolog· 
lcal ad\'llnce would have a 
mqjor Impact on your eom· 
pony's performance In 
terms or eost reduttloa, 
gains In domestic product-
loa, emtleacy, etc. 
• Moderate ... moderate 
Impact 
• LtJw ... low Impact 

High Moderate Low 

------ --------- -----

------ --------- -----

------ --------- -----

------ --------- -----

------ --------- -----

------ --------- -----

Tlmeframe 

B) Do you eonslder 
odvanca to Ibis tech· 
nology to be a short• 
term or long-term need? 
For ea<h technology, 
check one or both of tbe 
following: 
• Short term means your 
company wonld need ml· vanca to tbls technology 
by the end or 1999 
• LtJng term means your 
eompany would need ad· 
vancu to tbls technology 
between 1999 and 2010 

Short Long 
term term 

---------- ---------

---------- ---------

---------- ---------

---------- ---------

---------- ---------

---------- ---------

Likelihood of Commercial Availability Willingness to Collaborate 

Given wllat you see as the pace of development today among 
all organizations developing technology, I.e., business as usual, 
what Is the 11/u/lhood that advances to this technology will k 

E) Is your eompany willing to collaborate to advance this technology? 
For each technology, tbetk Yu or No. 

commercially wefui .. .By the end of 1999 .. .Between 1999 and ZOIO? Ir Yu, Enter In #F) codes of Ir No, Please explain why 
organizations your eompany In #G) using one or tbe 

• High Ukelibood means that tbe chance of !be techoologlcal would collaborate with: following eodes: 
advance beeomlag oommertlally useful Is greater than 75% D DOE• C Conlldentlal/proprletary 
• Moderate llkeUbood means that the chance or the techno· N National Labs eoaceros 
Iogltal advance betomlng commercially useful is 25% to 75% 0 Oil and/or gas eompanles I latelletlual property eoacems 
• LtJw likelihood means chance or the technologltal advance R Research Institutes N No beneftt expected 
betomlng commertlally useful is less tbao 25% S USGS and state surveys R Technology perceived 

T Trade associations as too risky 
C)".By ead or 19997 D),"Betweea 1999 aad 2010? U Universities X Other - Please explain in 

V Vendors/sen1ce eompanies space below. You may CXID· 
For each technology, For each technology, X Other !laue eomment on back or 
check oae of tbe rollowiog: check ooe of tbe foUowlng: Y All or above form If needed. 

F) tr Yer, list codes G) UNo, wby not? Ust code, I.e., 
or organlzaUons C, I, N, R, or X. Ir X. J.e., «lur. 

High Moderate Low High Moderate Low Yes No 
your company would 
collaborate with. 

opecll)' ..,.son. 

-------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

-------- -------- ----- ------ --------- ----- ----- """ ---------------- --------------------------

-------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

-------- -------- ----- ------ --------- ----- ----- HHH ---------------- --------------------------

-------- -------- ----- ------ --------- ----- ----- H-H ---------------- --------------------------

-------- -------- ----- ------ --------- ----- ----- H - H  ---------------- --------------------------

'Cost sharingtdemonstralion projects - see page 2. 
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Impact Tlmeframe Likelihood of Commerdal Avallabllll)' Wllllogness to Collaborate 

Q.3) (Con't.) DRILLING AND A) Wballmpaet would B) Do you consider the Given wbat you see as the pace of development today among E) Is your company willing to collaborate to advance this tecbnology? 
COMPLETION advances or Innovations In tecbnologltalllllvanu or all organizations developing technol�, I.e., business 8ll usual, For each technology, check Yes or No, 

tbls technology have on lnnoWJtlon to be a short· wbatls the llblllulod that this techno ogfcalllllvance or 
14) _Ale there other drilling and your compaoy? -- For each term or long-term need? lntUWIIIIon will be_ eoinnurtlally usefui .. .By the end of If Yes, Enter In #F) codes of If No, Please explain why 
ci!inpletl�n NchnologicaiiiiiWJiica or technology, check one of the For elicb technology, l999 .. .BIJ#Ween 1999 and 2010? organizations yo11r company In #G) ;,� one or the �new hlnoWJiionsyon feel following: check one or both or the , High _likelihood mtatis that the chani:e of Ibis technology would collaborate with: following es: 
al"' lJIIpo�nt to the success or com· , High meaos ·the techno log· following: becoming commerdally useful Is greater than 75% D DOE• C Conftdentlal/proprletar,y 
pinles e,aged In drilling and com- lcaladfllllce or lnnovatloll - • Short tmn means your • Modenm llkellhood means that the cbnnce or tbls technology N National Labs concerns 
pletlon? _ lease check fa or No. would have a ltUI}or linpael company would need becoming coinmen:iaUy usel'ulls 25% to 75% 0 Oll and/or gas companies I Intellectual properly concerns on your company's per- Ibis technological , Low likelihood means that the chance or Ibis technology R Resean:b Institutes N No beneDt expected 
"""Yes �rYes, please Ust each rormance In terms or cost advance or Innovation becoming commerdaUy useful Is leis than 25% S VSGS and state surveys R Technology pen:elved 

addltlo!lal drilling and completion reduction, galas In domestic by the end of 1999 T Trade assotlallons as too rlstry 
tecbnologj below and answer prodac:tlon, elllciency, etc. • Long tenn means ynur C)-By end or 19991 D) •• Between 1999 and 2010? U Univei'Sitles X Other ,..- Please explain In 
Questions A through G for each • Moderate ... moderate company would 11eed V Veodon/servlce companies space below. You may COD• 
added technology. Impact this lech11ologlcal For each technology, For each techaology, X Other !laue comment on back of 

• Low ... low lmpad advaace or innovation check one or the following: check one of the following: Y AUof above form If needed • 

_ No If No, please go to next page. between 1999 and 2010 

- F) If r ... list codes G) UNa, wby nol'l Ust code, I.e. 
Drilling and Completion Technology Short Long 

ol oraBnlzaUoas c, I, N, R; OT x. II X, I.e., otlaw, 

Hlgb IDgh 
your company would speclr, ,...son. 

Needs Moderate Low term term Moderate Low HIRb Moderate Low Yes No collaborale wllb. 

IS) 

16) 

------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- --- ---------------- ---------------------------
17) 

18) 

------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- --- ---------------- --------------------------· 

19) 

20) 

- ----- --
'Cost sharing/demonstration projects - see page 2. 

For DRILLING AND COMPLETION technologies, please print appropriate contact name and telephone number, If different than on page one. 

Name: ��������----------�--------------------------------------------------------------------------------------------------------

Telephone: --------------

Survey instructions may be round on page 2. 
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Q.4) PRODUCI'ION 
Complete this page If your 
compa{fc participates In 
PROD CI'ION. lf your 
companr. does NOT do 
product on, please check this 
box 0 and go to page 14. 

Production Processes 
Technology Needs 

I) Injection water treatment 

2) Produced water treatment 

3) Corrosion control 

4) Scaling inhibitors 

5) Paraffin controVremoval 

6) Oil/water/gas/separation 

7) Beam pump analysis 

8) Gas lin analysis 

9) Submersible pump analysis 

10) Rod/lubing wear evaluation 

I I ) Slimulation techniques 

12) Gas compression lechniques 

13) Recomplction techniques 

14) Remote control and data analysis 

IS) Compact processing on offshore 
platforms 

Survey inslrucdons may be found on page 2. 

Impact Tlmeframe 

A) Wbat impact would B) Do you consider 
advances In Ibis technology advancts to Ibis tetb· 
have on your company? nology to be a short• 
For eatb technology, <beck term or long-term need? 
one or the following: For each tetbaology, 
• High means the tetboolog· <beck one or both of tbe 
leal advance would have a following: 
IIUI,/or impact oa your rom· • Short term means your 
pany's performance In company would need ad-
terms or cost reduction, wuu:es to tbls technology 
gains In domestic product· by the end of 1999 
loa, emdency, etc. • Long tenn means your 
• Moderate ... moderate company would need ad· 
Impact vances to this technology 
• Low ... low Impact between 199!1 and 2010 

Short Lang 
High Moderate Low term term 

------ --------- ----- ---------- ---------

------ --------- ----- ---------- ---------

------ --------- ----- ---------- ---------

------ --------- ----- ---------- ---------

------ --------- ----- ---------- ---------

------ --------- ----- ---------- ---------

------ --------- ----- ---------- ---------

Ukelibood of Commercial Avallabllily Willingness to Collaborate 

Given ..tlat you see as tbe pace or development today among E) Is your company willing to collaborate to advance Ibis technology? 
all o1aolzatloos developing technology, I.e., business as usual, For each technology, check y.., or No. 
wbat s tbe 11/ulihDDd that advances to Ibis technology will be 
commercially usefoi .. .By the eml of 1999 •. .BdWun 1999 and 2010? If Yes, Enter In #F) codes of If No, Please explain wby 

orpalzatioas your company In #G) us:;;: one of the 
• High likelihood means that the chance of the teebnologlcal would collaborate with: followlog es: 
advance becoming commercially useful is greater than 75% D DOE* C Confideatlal/proprletary 
• Moderate likelihood means that the chance of the techno• N National Labs toncems 
logical advance becoming commercially nseful ls 25% to 75% 0 Oil and/or gas companies I Intellectual property concerns 
• Low likelihood means tbaace or the teebnologfcal advance R Research Institutes N No beaent expected 
becoming commercially useful is less than 25% 8 USGS and stale surveys R Teebnology perceh>ed 

T Trade assoclallons as too risky 
C) •. By end of 1999? D)-Between 1999 and 2010? U Universities X Other - Please explain In 

V Vendors/senlce companies space below. You may ron-
For each teebnology, For eatb tetbaology1 X Other tlnue comment on back of 
check one of the following: <beck one of the following: Y All of above form If needed. 

F) Ir fer, list codes G) Ir No, why not? Ust code, I.e, 
or OIJBOizaUODS C, I, N, R, or X. Ir l; I.e, odr<r, 
your oompany would spedl'y reason. 

High Moderate Low High Moderate Low Yes No co llobomte wltb. 

-------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

-------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------
i 

-------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

-------- -------- ----- ------ --------- ----- ----- · · - ---------------- __________________________ j 
i 

-------- -------- ----- ------ --------- ----- ----- - - - ---------------- ---------------------------

I -------- -------- ----- ------ --------- ----- ----- - - - ---------------- ---------------------------

-------- -------- ----- ------ --------- ----- ----- - - - ---------------- ---------------------------

'Cost sharing/demonstration projects - see page 2. 
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Q.4) (Con•t.) PRODUCfiON 

Complete this page tr your co�Uc panlelpates In 
Pa D Cl10N; Jr yl)uuom· 
pany does NOT do r.rodlietloa, 
please go to page 1 • 

AdVIIIIeed Reeovel)' 
Pi'oceiseo Techaolol)' Needs 

16) Modification or reservoir Ruid 
mobilities 

17) Miscible c:ontacl/displaa:ment 

18) Viscosity reduction or heiW)' oils 

19) In situ generation or roam$/ 
emulsions 

20) Thickeners ror co, Roods 

21) Microbial EOR proc:esses 

22) High-velocity gas Row modclina 

23) Thermal proc:esses 

24) Combustion processes 

2S) Near well bore stimulation 

26) New directional drillina 

27) Advanced recovery or natural gas 

Survey inslruc:lions may be round on pase 2. 

Impact. Tlmerrame 

A) What lfllpaet would B) Do :JOP consider 
ad¥Bnces Jn this teehDOIOg)' IIIIWinca lo tbla tech· 
have on your compaDJ1 ilolog)' _to be a short· 
For w:h tei:baoi01J, ehei:k term or long•lena need? 
one of the follcnllngi - For each teehaolog)', 
• JliBh means the techaolog· eheck oDii or both of the leal advaaee would have a ftillowlllgl 
lllllfOr lmptiet oA )'OUr COlli• • ·shoit term meaas )'Oar 
paii7'B perlormlinee In compall,)' 'WOUld aeell 1111· 
terms of cost iedudloa, ,,_ to thla tei:baoloiJ 
gains hi domisth: produd• by the eod of 1!lll9 
loa, emetenq, ek. • Ltmg term means )'Oilr 
• MtHinll - moderate complill,)' would aeed •d· 
lmpaet """"" to this teehaolif 
• LDw - low lmpaet hetweea 1!19!1 aad 201 

Shirt Long 
Blah Moderate Low term term 

------ --------- ----- - - -------- ---------

------ --------- ----- ---------- ---------

------ - -------- ----- - ----- --- - -------- -

------ ----- --- - ----- ---------- ---------

------ ---- - --- - ----- ---------- ---------

- �-- -
Llkl!llhood of Commercial AwUabiUI)' 

qlven what JOU see as the pace of developmeat tod8)' llllloag -_-
all o1:nlzatlons developing teehnolog)', I.e., Juislness !Ill usual, 
what the IIMIIhiiDd that ad¥Bnees to this ttduloloiY will 6t . , eoiirillui:W/1 Use/UI •• .By the m1 ilf 1999-lltlwftll 1999 mut 2o1o1 
· Iilah Ukellhood means that the ehanee of tile teebaologleal 
adYB!I_ee bet;Omlng Cl!mmerdall)' asefbl la ljftater than .751' 
• Mobml• Ukellhaod llliaas thit the.diaince of thi techno-
Jogleol 11dV1111ce iieeomlng commerelall)' aieM Is 25% to '75,. 
• Low llk!!llhood means ehaaee of the tei:baoJteal advaaee 
becoming commerdalb' useflll ls less .than 2 

C)-By end of 1!lllll? D)...Between 1!19!1 and 2010? 
For each teebaoiOI)', For each teehaoiOI)', 
ehei:k one of the followiDgl cheek oae of the lollowlngi 

Blah Moderate Low Blah Moderate Low 

------- - - - - - - - - - ----- -- - - -- -- --- - - - - ·  -----

- - - - - - - - - - - - --- - ----- ------ - - - - - - - - - -----

-- - --- - - - - - - ---- ----- ------ - - - - - - - -- -----

- - - - - - - - - - - - - --- ----- ------ - - - - - - - - - -----

- - - - - - - - -- - - --- - - - - - - ------ -- - - - - - -- -----

- --- - - - - - -
Wllllapeu to Collaborate 

E) Is JOUr compa8)' w!Wag to collaborate to advaace tbla teebaoloiiY/ 
For each tei:hlllilol)', cheek fa or No. 

It Yu, Eater In #F) eodes of 
orpnlzatloni )'Oar compaD,Y wolild t;e�Uaborate with: 
D DOE• 
N National Labs 
0 on aad/or gas companies R ltiseareh tasdtutes 
S USGS and atate_ SUI'\'0)'8 
T Tillde assoelatlons 
U Ulllvenltles 
v Vendon/semee eompaales X Other 
Y Ab of above 

F) u r... lilt ...... 

Yes No 

of tllllllni18Uons _ 
JOIII' <om- would 
collaborate wllh, 

----- - - - ----------------

----- - - - ----------------

If Nt�, Please nplaln wJiy ttW •:Je::ae of the 

c =eatllillproprlellll)' 
eoneerns 

I laie_liletaal pnipei'l)' i:oucerils 
N Nei beueBt expeded 
R Tedlllolr£. pereelved 

as too rls X Other - Please uplalu In 
space below, You m8J eon· 
tlnue eolilllleat oil bsek of 
form If aeeded. 

G) U lito, wbJ nol? Ust code, I.e. 
<O I. N. B. ��r x. ux; I.e • .,..., 
sped!)' reason. 

--------------------------

--------------------------

' ----- - - - ---------------- ---------------------------

----- - - - ---------------- - ----- ---------------------

----- - - - ---------------- ---------------------------

'Cost sharin8/demonstration projects - see page 2. 
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Q.4) (Con't.) PRODUCI'ION Impact Tlmeframe Likelihood of Commercial Availability Willingness to Collaborate 

28) Are then. other production A) What impact would B) Do you consider the Given what you see as the pace of development today among E) Is your company willing to collaborate to advance this technology? 
technologkal advances or completely advances or Innovations In technological advance or all o�nlzatlons developln:l, technology, I.e., business as usual, For each technology, check Yes or No. 
new tnnovadons that you feel an. this technology have on innovadon to be a short- what the llblihood that t Is technolog/col advance or 
Important to the success of your company? For each term or loug-term need? lnnovadon will be commercially usiful .. .By the end of If Yes, Enter In #F) codes of If No, Please explain wby 
companies engnged In production? technology, check one or the For each technology, 1999 .. .Between 1999 and 2010? organizations your company In #G) using one of tbe 
Please check Yes or No. following: check one or both or the , High Ukellhood means Chat tbe chnnce of tbls technology would collaborate with: following codes: 

• High means tbe tecbaolog· following: becoming commerdaUy useful Is greater than 75% D DOE• C Confidential/proprietary 
_ Yes If Yu, please list each leal advance or Innovation • Short term means your • Moderate Ukellhood means that the chance of tbls technology N National Labs concerns 

additional production technology would have a major Impact oompany would need beoomlug oommerdally useful Is 25% to 75% 0 011 and/or gns oompanles I Intellectual property ooncerns 
below and answer Questions A on your oompany's per- Ibis tecbaologlcal • Law likelihood means that tbe chance of Ibis technology R Research Institutes N No benellt expected 
through G for each added formance In terms or oost advance or Innovation beoomlng oommerelally useful Is less than 25% S USGS and state surveys R Technology perceived 
technology. noductlon, gains In domestic by tbe end of 1999 T Trade associations as too risky 

production, emclency, etc. • Lang term means your C) • .By end of 1999? D) •• Between 1999 and 2010? U Universities X Other - Please explain In 
_ No If No, please go to nell page. • Mod1rate ... moderate oompany would need V Vendors/service oompanles space below. You may oon-

Impact tbls technological For each technology, For each technology, X Other tinue comment on back of 
• Law ... low Impact advance or Innovation check one of tbe following: check one of tbe following: Y All of above form If needed. 

between 1999 and 2010 

F) II Yu, list codes G) II No, wby not? Ust codo, i.e. 

Short Long 
or organlzaUons C, I, N, R, or X. IC � I.e"' other, 
your company would specil'y reason. 

Production Technology Needs Hlgb Moderate Low term term Blab Moderate Low Hlgb Moderate Low Yes No collaborate wltb. 

29) 

30) 

------ --------- ----- ---------- --------- - - - - - - - - - - - - - - - - ----- ------ - - - - - - - - - ----- ----- - - - ---------------- ---------------------------

31) 

32) 

------ --------- ----- ---------- --------- -------- - - - - - - - - ----- ------ - - - - - - - - - ----- ----- - · ·  ---------------- ---------------------------

33) I 
34) 

'Cost sharing/demonstration projects - see page 2. 

For PRODUCTION technologies, please print appropriate contact name and telephone number, If different than on page one. 

Name:-----------------------------------------------------------------------------------------------------------------------

Telephone:----------------

;urvey inslruclions may be round on page 2. 
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Impact Tlmeframe Likelihood or Commercial Availability Wllllneness to Collaborate 
Q.S) DEEPWATER A) Wbat lmptld would B) Do you couslder Given what you see as the pace or development today among �) Is your compaay wllllug to collaborate to advance this tecbuoloilf? 
OFFSHORE advances In Ibis technology adwmcu to this tech· all orgalllzatlous developlllll lechnology, I.e., business as usual, For each tccbnology, check Yu or No. 

have on your �mpany? uology to be a short• what Is the llhllhDDd thai advances to tbls technology will be 
It Yu, Enter In #F) codes or Jr No, Please explain why Complete this page if your For each teclliiology, check term or long-term need? CDmmercially usefoi •• .By the ead of 1999 •. .Belwten 1999 aad 2010? 

one or the following: For each technology, organizations your company In #G) nsln� one or the comp"ny 8arliW(ates lit DEEP· • High means the technolog· check one or both or the • High Ukellhood means that the chance or the lechoiologlcal would .collaborate with: roDowlng co es: 
WATER. FFS ORE activities. leal advance would have a following: adYBDce becoml1111 commerdally useful Is greater than 75% D DOE• C Coliftdenllal/proprletary 
lfyour company diles NOT do 1114for impact on your com· • Shott term means your • Modertlle likelihood means that the chance of the techno· N Natloaal Labs coocei'IIS 
deepwater oiTshore activities, piloy's performance In company would need ad· logical advance becoming commercially usei\JI Is 25% to 75% 0 on audlor gas companies I Intellectual property concerns 
please check this box D and go terms or cost reduction, •ances to Ibis technology • Low likelihood means chance or the lechuologlcal advance R Research luslllules N No beoeftt expected 
to page 16. gains In domestic product· by the end or 19!1!1 becoming commercially usei\JI Is less than 25% S USGS and slate surveys R Technology perceived 

lou, efficiency, etc. • Long term means your T Trade associations as too rlsl!y 
• Moderate ... moderate company would need ad· C) •• By end or 1999? D) •• Between 1!1!19 and 2010? U Universities X Other - Please explain In 
Impact •ancu to Ibis technology V Vendors/service companies space below, You may tiln· 
· Low ... low Impact between 1!1!1!1 and 2010 For each tecbuology, For eacb technology, X Other tlnue comment on back or 

check one or the followlllll: check one of the following: Y AU of above form If needed. 

F) II fu, list codes G) lr No, wby not? List code, I.e, 

Deepwater OITshore Short Long 
or OJ1&nlzaUons C, I, N_ R, or X. · JC X, I.e., ollwi', 

High Blah 
your company would speclty nason. 

Tetbuology Needs Moderate Law term term Moderate Law HIRh Moderate Low Yes No coltaborole wllb. 

I) Produced fluid disposal 

2) Extended reach drilling or production ------ --------- ----- ---------- --------- -------- ----- --- ----- ------ --------- ----- ----- - - - ---------------- - --------------------- -----

3) Extended reach control systems 

4) Hil!h pressure SYstems ------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- ---------------------------
Sl Flowlines 

6) Flow metering ------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- · - - ---------------- ---------------------------
7) Subsea equipment 

8) External corrosion oroteclion ------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- ---- - - ----------- -- --- - - - - ·  

9) Risers 

10) ROY SYstems ------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------· 

I I) Drilling 

12) Workover ------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------· 

131 Water/aas ineclion 

14) Hydrate prevention ------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------· 

ISl Mulli·Phase pumos 

16) Structures 

'Cost sharingldemonslralion projects - see page 2. 

Survey ln,lruclions may b� found on page 2. 
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Impact Tlmeframe Likelihood of Commercial Avallabllitv Willingness to Collaborate 

Q.S) (Con't.) DEEPWATER A) What impact would B) Do you consider the Given what you see as the pace of development today among E) Is your company willing to collaborate to advance this technology? 
OFFSHORE advances or Innovations In technological ad1111nce or all organizations developing technology, I.e., business as usual, For each technology, check Yu or No. 

this technology have on lnno11111ion to be a short• what Is the llhllhood that this technological advance or 
17) Are there other deepwater oiT- your compan�? For each term or long-term need? Innovation will b. commercially asefui •• .By the end of If Yu, Enter In #F) codes of If No, Please explain wby 
shore technological advances or com· technology, c eck one of the For each technology, 1999 .• .Between 1999 and 2010? organizations your company In #G) uslnf one of the 
p/ele/y new Innovations that you feel following: check one or both of the • High likelihood means that the chance or this technology would collaborate with: following co es: 
are Important to the success of com· • High means the technolog- following: becoming commercially useful Is greater than 75% D DOE* C Confidential/proprietary 
panles engaged In deepwater oiTshore leal advance or Innovation • Short term means your • Moderats likelihood means that the chance of this technology N National Labs concerns 
activities? Please check Yes or No. would have a major impact company would need becoming commercially useful Is 25% to 75% 0 011 and/or gas companies I Intellectual property concerns 

on your company's per- this technological • Low likelihood means that the chance of this technology R Research Institutes N No beneftl expected 
_ Yes If Yes, please list each formance In terms of cost advance or Innovation becoming commercially useful Is less than 25% S USGS and state surveys R Technology perceived 

additional deepwater oiTshore reduction, gains In domestic by the end of 1999 T Trade associations as too rlslly 
technology below and answer production, efficiency, etc. • Long term means your C) • .By end ol 1999? D)-Between 1999 and 2010? U Universities X Other - Please explain In 
Questions A through G for each • Moderate ••• moderate company would need V Veudon/servlce companies space below. You may coo-
added techuology. Impact this technological For each techaology, For each techuology, X Other tinue comment ou hack of 

• Low ••• low Impact advance or lnnovatiou check oue or the following: check one or the following: Y All of above form lf needed. 
_ No If No, please go to next page. betweeu 1999 aud 2010 

F) If Ya, list codes G) If No, why not? IJst code, I.e, 
Deepwater OITshore Short Long 

or organlzaUons C, I, N, R, or X. II X, I.e-. otlwr, 
High High 

your company would specllf reason. 
Tecbnolol!Y Needs Moderate Low term term Moderate Low Hieh Moderate Low Yes No collaborate with. 

18) 

19) 
------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

20) 

21) 
------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

22) 

23) 

'Cost sharing/demonstration projects - see page 2. 

For DEEPWATER OFFSHORE technologies, please print appropriate contact name and telephone number, If different than on page one. 

Name=----------------------------------------------------------------------------------------------------------------------------------

Telephone: ---------------

Survey instructions may be round on page 2. 
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Q.6) AllCI'IC REGION 
ACI'IVITIES 

Complete this page If Lour eo�'(! Pllrllclpates n 
AR . . REGION ACI'IV· 
JTIES, . If your company does 
NOT do aretle region 
ilctiYitles, please cheek this box 
0 and go to page 18. 

Arctic ::r,on AciiYitles 
Tedmo OilY Needs 

I) Transportalion 

2) Exploration 

3) Dewlopment 

4) Drilling 

S) Produclion 

6) Deepwater offshore aclivilies 

7) Mobil ice 

Survey insuuctions may be round on page 2. 

- --
lm1111ct 

A) What lmpild would 
adwllres Ill this techuoiOBJ 
have OD )'CIUr aiiDJillay'l 
For each techaoJo&y, eheck 
oae of the lollowlag: 
• High meaas the techaolog· teal adwuce would have a mqJor IIIIJi«t:l OD JOUr com· 
paay's perlormaace Ia 
terms of cost redudloa, 
gallls In domestic product· 
laD, emdellC]', etc. 
• MotiiiYIIe '" moderate 
lmpad 
• Low ... low Impact 

lll&la Moderate Low 

------ --------- -----

--- - - - - - - - - - - - - - - - - -

------ - - - - - - - - - - - - - -

Tlmeframe 

B) Do :rau couslder 
tul- to this tech• 
aolllll)' to be a short• 
term or loag.term aeed? 
For eacb techaolllll)', 
eheck oue or lloth ilf the 
followlag: . 
• Short trnn meaas )'CIIir 
compauj would aeed tid· 
- to this techaolo&Y 
by the ead of 1m 
• Long trnn mesas JODr 
compaay would Deed ad· 
lltiiiCIS to this techuolllll)' 
betweea 1!1!1!1 aad 2010 

Short Loaa 
lerm term 

---------- ---------

---------- ---------

---------- ---------

- I LlkeUhood ol Commercial AvallabiUty WIIIIDII!Iess to CoUallorate 

Glvea what :raa see as the pare of developmeut today amoag E) Is JOUr compaay wllllag to coUallorate to adYIIIII:e this techaology? 
all o_rgaalzatloas developlal techaol08)'1 I.e,. busiDess as usual, For each techaolollf, check Yes or No. wllat Is the IWhotul that Bdwares to this tfdmo/ogy will h · 

II No, Please eicplaiD \¥by commm:llllly ustfai ... By the nl II! 1999 • .Ihtweelt 1999 and :ZOJO? II Yes, Eater Ia #F) codes of 
orpalz8tloas your compaay Ill #G) •:J oae of the 

· High  Jlkellho"" meaas that the ehem:e of the teehaologlcal would collallorate with: foUowiDg es: 
adYIIIII:e becoJiliD& commerclaiiJ �fal ls areatel" thaa 75% D DOE• C Coaftdei2Jial(proprlelaey 
• Mol- likelihood meliDs that the dumee or the techDo· . N NaUaaaJ l.abs co�l'iii 
loglall advaace beoomla11 commerclall,y aseiW Is 25% to 75% 0 011 �1111/or ps coillpaales I latelleclu_al properly coacerai 
• Low Ukellhood meaas eheace of the techao':fcal advam:e R Researeh lastltutes N No beaeD' expeCted 
becomlag commerdsll,y useiDI Is less thaa 25 S USGS aad slale surveys R Tedlllolllll)' perceived 

T Trade assoclalloas as too riSiq 
CI-BY ead of 1m? D),uBetweea 1m sad 20107 U Uaivenltles X Other - Please eilplala Ia V Veadori/senlce compaules space below. Yoa IDII1 coa· 
For eacb techDoloBJ, For ead! techuolo&Y, X Other tiDae commeat ou back of 
eheck oae of tbe lollowlag: eheck oae of the loUowlag: Y AU or allove form II aeecled. 

F) U y,., list cacles G) U Nfl, wbJ not? Ust code, I.e,. 
or orpnlzadons C, l, N. B, or X UX, I.e. IIIMr, 
JOUr compiiDJ would opec!!)> rea10n. 

Blah Moderale Low Blah Moderate Low Yes No collaborale wllh. 

- - - - - - - - - - ------ ----- - - - - - - - - - -- - - - - - - --- ----- - - - ---------- - - - -- - --------------------------

- - - - - - - - - - - - - - - - ----- ------ - - - - - --- - ----- ----- - - - ---------------- --------------------------

- - - - - - - - - - - - - - - - ----- - - ---- - - - - - - - - - - - - -- ----- - - - ---------------- ---------------------------

'Cool sharinrfdemonstralion projeciS - see page 2. 
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lmpad Tlmetrame Likelihood of Commercial Availability WllllnRness to Collaborate I 
Q.6) (Con't.) ARCfiC A) What Impact would B) Do you eonslder the Given what you see as the pace of development today among E) Is your tompany willing to collaborate to advance this teehaology? 
REGION ACfiVITIES advances or Innovations In tecbnologleal advance or all organizations developing technology, I.e., business as usual, For each technology, c:heek Yes or No. 

Ibis technology have on Innovation to be a short· wilat is the lllu!lihood thai Ibis technological advance or 
8) Are there other ardlc region your oompany? For each term or long-term need? Innovation will be commercilllly usefui ... By the end of If Yes, Enter In #F) todes of If No, Please explain why 
technological advances or completely technology, check one of the For each technology, 1999 .. .Between 1999 and 2010? organizations your oompany In #G) using one of the 
new lnilovations thai you feel are following: check one or both of the • High likelihood means that the chance of Ibis technology would collaborate with: foUowlng oodes: 
Important to the success of oom· • High means the technolog- following: becoming commercially useful Is greater than 75% D DOE* C ConfidentlaVproprlehiry 
panles engaged hi ardlc region leal advance or Innovation • Short term means your • Moderate likelihood means that the chance of this technology N National Labs ooncems 
adlrilles? Please c:heck Yes or No. would have a mqjor impact oompany wonld need becoming oommerclaUy useful is 25% to 75% 0 Oll and/or gos companies I lntelledual properly ooncems 

on your company's per- Ibis technological • Low likelihood means that the chance or this technology R Research Institutes N No benefit expeded 
_ Yes Ir Yes, please list each formance In terms of oosl advance or Innovation becoming oommerdally useful Is less than 25% S USGS and state surveys R Technology perceived 

additional arctic region lechaology redudlon, gains In domestic by the end of 1999 T Trade associations as too risky 
below and answer Questions A production, emcleucy, etc. • Long term means your C) ... By end or 1999? D) ... Between 1999 and 20101 U Universities X Other - Please explllln In 
through G for each added tech· • Moderate ... moderate oompany would need V Vendors/service companies space below. You may oon-
nology. hnpad Ibis technological For each lechaology, For eac:h technology, X Other tlnue eomment on back of 

• Low ... low Impact advance or Innovation check one of tbe following: check one or the following: Y AU of above form If needed. 
_ No If No, please go to next page. between 1999 and 2010 

F) It Yu, list codes G) It No, why not? List code, I.e, 

Arctic Region Activities Short Long 
of organl.zattons C, I, N, R. or X. Jr X, I.e., otMr, 

Hlllh your compan)' would spedty reason. 
Tecbnoloi!Y Needs Moderate Low term term Hiah Moderate Low Blah Moderate Low Yes No tollaborate with. 

9) 

10) 
------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

I I) 

12) 

------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------
13) 

14) 

•cost sharing/demonstration projecls - see page 2. 

For ARCTIC REGION ACTIVITIES technologies, please print appropriate contact name and telephone number, If different than on page one. 

Name: __________________________________________________________________________________________________________________________ ___ 

Telephone: --------------------

Survey inslruclions may be found on page 2. 
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lmlilict Tlmel'rame LlkeUbood or Commercial AYBIIabWty WIWIU!Iless co CoUaborate 

Q.7} OIL PROCESSING AND A) Wbat lmptlt:t would B) Do you coulllder Glveu wbat ;you see as tbe pace or developmeut lodOJ amo1111 E) Is )'OUr collipaDJ wllilll!l CO coUaborate to odvauce IbiS teeliDoiOSY'l 
REFINING ad¥auces lu Ibis lecbu01ogy tulwmca to tbls ted>· all orpulzatlous developl1111 teebuoiOif, I.e� busluesi as usual, For each leclauoiOif, cheek Yu or No. 

bave ou ;yaur compan(l DOIOIIY CO .be a iborl· what Is lbe llhllluJod tbal advauees to tbls ttdulolti/DI wUl lie � 

Compl�te this page II f.oilr For each tecbiiololli'1 clleck terui or loug-term ueed? t:tmt���m�itilly � • ..By the filii of l!I!I!I • .B- 199!1 and 2010? If Yu, Eater lu #F) codes or If No, Please explalu wb;r 
oae or tbi tollowlug: For eacb tecbiiolog, orgaulzallous your compaDJ lu #G) us� oue or lba 

�mpa!ly �rtlelpates n • Hlih meaus lbe lecbaoiO(I· cheek oue or botb or lbe • High ilkellbood meails tbal l!le cbauce or lbe teclauologlcal would collaborate wltb: toUowlug . . es: . PJlOCES NG AND REFIN· leal advauee wolild baYe a followlug: ad¥81lce becomlll!l commercially useful Is grealer lliau 7S.. D DOE• C Couftdealkii/Proprlelal')' 
lNG of OIL. If your eompaJiy lfiiVtir lrriptlt:l oli.Jolir com· • Shott tum meaas )'OUr ·�¥� llkellliood meaiii tbat tlie chauce ort liii lecl!nll' N Natlouill Labs macerus 
does NOT do processing aiid paUJ's pertormauce.lu compaDJ would aeed ad· logical ad¥aace becomlug commerdalll useiUI Is :as.. 10 7S.. o 011 aadlor gas mmpaules I latellectual piopert;y couceras 
refining of oil, /lease elleek terms or cost nductlou, 114111ca co tlils tecbiiolog • Low llkellliood meaas cbaui:e of tlie techuoliiglail ad¥81lee R Researcb lastllutes N No beueftl expedecl . 
tbls box D an go to page 21. f::s hi domestic product· 1iJ tbe eud or 1!19!1 becomlug commerdalb' useiUI Is less tbaD � S USGS aud siate survep R Tecbiiolog perceived 

emdeuq, etc. • Long term meaas JOUr T Trade a.-lallous 8s too rls'J. 
• MtHimm "' moderate compaDJ would ueed ad· C)",BJ eud Of 19!19? D).�etweeu tm aud 20101 U Uulvenltles X Oiher - .lease al'lalu Ia 
Impact wmcu to llils lecliuolog 

For iacb teduiology, 
V Veudon/semce compaules :c beloW, YOu miJ COD• 

· Low - low Impact betweea l!lllll aDd 2010 For eacb leclaDOIOif, X Otlier ue commeul oa back or 
check oae or tbe rot1ow11111 chedr. oue or tbe rouowllig: Y AU or above rorm If ueeded. 

F) Ir Y•; list codes G) If No, w11J not? List eode, I.e. ! 
Operallous/Safel)' Sliort LoO(I 

or ......... Uoo. C, 1, 1!, B, or % If� I.e.; ot!Nr, 

Blab Blab mu JOUf CGIIII'I.., WOIIId opedl7 reason. 
tecbiioloates Needs Moderate Low term term Moderate Low Moderate Low Yes No collabonle wllb. 

I) S:l�.��mproved selectivities, 

21 Hvdroun production and rcc:overv ------ ---- - ---- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- ---------------------------
31 Plant and Process reliabilitY 

41 Unconventional orooess technol<oiD' ----- --------- r----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- ---------------------------
Sl New materials or construction 

6) Reactor cOJineering and modeling ------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- ---------------------------
7) CataiJSI manuracturina technology 

81 Rislc ISSCISmcnt methodoloav ------ --------- ----- ---------- ------ --- -------- - ------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------
9) Solid add catalysts 

101 Alternatives to olefin alkylation oro .... ------ --------- ----- ---------- ---------· -------- -------- ----- ------ --------- ----- ----- - - - ---------------- -------------- ------------· 

1 1) Techniques for intepation of environ· 
menial solutions into process and plant 
desian 

12) l:t::!,f.";n·line NDE inspection ------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- ------------------ --------· 

13) ::�·:�::C:/ remaining liretimcs or 

14) Robotics ror sarctv IDDiications ------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- ----------- ---------------· 

lSI Worker sarety_systems 

•cost sharing/demonstration projects - see page 2. 

Survey inslrudions may be round on paac 2. 



Impact Tlmeframe Llke6hood of Commercial Availability Wllllnoness to Collaborate 

Q.7) (Con't,) OIL PRO- A) What Impact would B) Do you consider Gl•en wbot you see as the pace or de•elopment today among E) Is your compaay willing to collaborate to advance this technology? 
CESSING AND REFINING advances In this technology tUivonces to this tech· all organizations de•eloping technology, I.e., business as usual, For each technology, check Yes or No. 

ha•e on your company? nology to be a short· what Is the 1/blihootl that ad•ances to this technology will be 

Complete this page If your For each technology, check term or long-term need? commercially usefui .. .By the tn4 of 1999 .. .Bdw .. n 1999 and 2010? It Yes, Enter In #F) codes or If N11, Please explain why 
one or the following: For each technology, organliatlons your company In #G) nslng one or the compa� participates In PRO- • High means the technolog· check one or both or the - High Ukellhood means that the chance or the technological would collaborate with: following codes: 

CESSI G AND REFINING of leal advance would ha•e a following: ad•ance becoming commercially useful is greater tbon 75% D DOE• C ConDdentlai/proprletary 
OIL. If your company does mo)11r Impact on your com· • Short term means yonr • MotleMte likelihood means tbot the chance or the techno· N National Labs concerns 
NOT do processing and refin- pany's performance In compaay would need tz4. logical advance becoming commercially useful is 25% to 75% 0 Oil and/or gas companies I Intellectual properly concerns 
ing of oil, please go to page 21. terms or cost reduction, vances to this technology • Low likelihood means chance of the technological ad•ance R Research Institutes N No beneDt expected 

gains In domestic product· by the end or 1999 becoming commercially useful Is less than 25% s USGS and state surveys R Technology percel•ed 
ton, efficiency, etc. • Long term means your T Trade associations as too rlsk;y 
• Moderate ... moderate company would need ad· C) • .By end or 1999? D) •• Between 1999 and 2010? V Unl•ersltles X Other - Please explain In 
impacl vance• to this technology V Vendors/service companies space below. You may con· 
• Low ... low impacl between 1999 and 2010 For each technology, For each technology, X Other Iinne comment on back or 

check one or the following: check one or the following: Y All of above form If needed. 

Energy Efficiency/Feedstocks! 
F) It Yer, list oocles G) U No, why not? Ust code, I.e., 

Short Long 
of organlzaUons C, I, N, R, or X. Jr X, I.e., otlur, 

Information System::;�ucl 
Hlab Hlab your company would spedl)' reason. 

Re0ulrements Technolo es Needs Moderate Low term term Moderale Low High Moderate Low Yes No collaborale with. 

161 Encrov efficienCY of processes 

171 Enerov efficienCY of eouiument ------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------
18\ Enerov efficiencv of seoarations 

19) Senarations technolol:l'ies ------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------
20) Determining chemical composition of 

crudes, refinery intermediates and 
oroducls 

21)  New approaches to refining heavy 
feeds ------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

221 Proccssin• svnthetic fuels 

23\ Conversion of methane to liauid fuels ------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------
24) Relating chemical comp<?Silions to ' 

process ancf iiroduct oir!orrnance 

2S) Advanced computational modeling of ' 
01-ocesseslreacllons ------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

26) Advanced control and infonnation '
mtems 

27) Performance characteristics of new 
hYdrocarbon fuel comoositions ------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

28) Environmental characlerislics of new 
hvdrocarbon fuel comPOSitions -

•cost sharing/demonstration projects - see page 2. 

Survey inslruclions may be found on pa&c 2. 
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Q.7) (Qin't.) OIL PRO· 
CESSING AND REFINING 

���� . there other oil processlag/ re tmmologkill adviiileu or 
� 11fW lniiOWIIII!M.JOU !'eel are I!Dportaat to tb• su-s• of 
eo�ap8Dieii eapged Ia oU processiDif 
relliilag'l Please Check Ya or No. · 

_ Yes If Yu, please list eadl oU c-':::f or rellalag tecbaollliiJ ow ali aiiSWer Qileatloas A 
lhiougb G ror eaCh added 
tecbaollliiJ. 

_ No If No, please go to aext page. 

OU Proeoss':ft:Ud Reftalag 
· Tecbuolo es Needs 

30) 

31) 

32) 

33) 

34) 

35) 

Impact 

A) Wbat lmpliet woulcl 
adwans or IDDowtloDS ID lids tedlaolotiJ bave oa jour coillpa:!

c 
For each 

·tedlaolci&Y, k oae of the 
follimlllgl 
• High meaas the tedlaolog-
leal advaaeo or laaOYBtloa 
woulcl bave a �or lmpad 
OD JOUi' eompaliJ1S pel'-
rormaaeo ID terms of eost 
redaction, piDS ID domestlc 
production, emcleaey, etc. 
• Modll'lltl - moderate 
Impact • lAw - low Impact 

Rlllh Moderate Law 

------ --------- -----

------ --------- -----

Tlmeframe 
B) Do J01! CODSider tbo 
tedlaologlcal adwl"" or 
lnnovolltm to be a abort· teriD or loa�term aeed? 
For eadl tec liolo8)', 
Check oae or both of the 
foUimlllgl . 
• Slwn tum meaas JOUr 
eompBDJ woulcl aeed 
this tedlaoiiiiJicol 
adwaeo or laaowtloa 
by the ead of 1999 
• Long tlrm meaas JOUr 
compBDJ would aeed 
Ibis tedlaoiiiiJicol 
adwaeo or lauOYBIIoa 
between 1999 aad 2010 

Sbort Loq 
lena term 

---------- ---------

---------- ---------

LlkeUhood of Commercial AwUabiiiiJI 

Glvea wllat JOU see as the paee of clevelopmeut today amoag . 
all orp��lzalloDS deY!'Ioplag tecbuollliiJ, I.e� busiDess as usllal, 
wllat Is the llbllhood tbal thls llduullt�Bkal adwlncs or 
lnnoWitlon will be �  ./ • ..By the end of 19� .. � 1999 11114 20101 
• Higll Ukellbood meaDS tbat the cbaan of this tedlaolo&Y 
beeomlag eommerdall,y asellll Is greater tbaa 75,_ 
• Modfldte likelihood meaDS that the dlaaeo of this tedlaolo&Y 
becomiiiiJ commercially useiW Is 25'11. to 75,_ • lAw likelihood meliDI tbat the dlaaeo of this tecbaollliiJ 
beeomlag eommerdally useful Is less lhaa 2,_ 

C)...By ead ot 19991 D) • ..Betweea 1999 aild 2010? 

For eaCh tecbaolo&f, FOr eadl tedlaolo&Y, 
Check oae of tbe followiiiiJI Check oail of tbe foUimiiiiJI 

Rlllh Moderate Law W•b Moderate Law 

-------- -------- ----- ------ --------- -----

-------- -------- ----- ------ --------- -----

Wlllllll!lless to Collaborate 

E) Is JliUt comjlaliJ W11UJ1i to co�botate to adwate thll tecbDolollY/ 
For eaCh tedlaologJ, check Yu or No. 

l.f Y•, EDler ID #F) codes of 
orplllzatiODs JOUr eompaDJ 
Wcialcl collaborate with: 
D DQE• l'i l'iailoilaJ Labs 0 OU aad/or ps compaales R Researcb IDBtltutes 
s USGS aad stele SUmJS 
T Trade aisocliitloas 
u Ualversltles 
V Veadors/senteo eolilpaales X Otbor 
Y AU of ahove 

J.l) u ror, 11.11 mc1es 
or DJ'8111111al1DDS 

Yes No 
,..... compaiiJ woald 
eollaboralo wtlb. 

----- - - - ----------------

----- - - - ----------------

If No, Please explaiD .wb1 ID #G) li:J oae of the 
foJiowlag co If!! 
c Coa8cleiltlallploprletar)' 

COaeorDB 
. 

I lateUectiial piopi!d7 coaterils 
N Nil beaeftt expecc.!d R Tecbuolo;peneiVecl 
.. as loo m : X Other ..-. ease explalil Ia 

•r.•ce below. You 1118)' coa-
t aue commeat oa back or 
form If aeeded. 

I;) U �. wby not? Ust cocJ.., i.e. 
C, I, N, R, tW X.  It X. t.e. «Mr, .  
speciiJ res-. 

--------------------------

--------------------------

'Cost absrlnrfdemonstntlon projects - see page 2. 

For OIL PROCESSING AND REFINING technologies, please print appropriate contact name and telephone number, If different than on page one. 

I 

Nama: ________________________________________________________________________________________________________________ ___ 

Telephone: -------------------------

Survey lnsarucllons may be round on paae :Z. 
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Q.8) GAS PROCESSING 

Complete this page If your 
co{J:any �artlclpates In 
PR CES lNG of GAS. If your 
company does NOT process 
gas, please check this box D 
and go to page 23. 

Gas Processing Technology Needs 

I) Gas dehydralion 

2) Acid gas removal 

3) H� scavenger technology 

4) Natural gas liquid separation 

S) Nitrogen separation 

6) Trace constituent (arsenic, Hg, etc.) 
removal 

7) Sulfur recovery 

8) Separation or high concentrations or 
impurities (nitrogen, co,, H,S . . .  ) 

Survey instructions may be found on page 2. 

Impact Tlmeframe 

A) Wbat Impact would B) Do you consider 
advances in Ibis technology advances to Ibis le<b· 
bave on your company? nology to be a short· 
For ea<h te<hnology, check term or long-term need? 
one of lbe following: For eacb technology, 
• High means lbe lecbnolog· check one or bolb of lbe 
leal advance would bave a following: 
"'4}or impact on your com· • Short t•rm means your 
pany's performance In company would need ad-
terms of cost redndlon, VIIIJCU to tbls technology 
gains in domestic product- by tbe end of 1!1!1!1 
ion, emdency, etc. 
• Modtrtllt ... moderate 

• Long tenn means your 
company would need ad· 

Impact vancts to tbls technology 
- lAw ... low Impact between 1999 and 2010 

Short Loag 
High Moderate Low term term 

------ --------- ----- ---------- ---------

------ --------- ----- ---------- ---------

------ --------- ----- ---------- ---------

Likelihood of Commen:lal Availability Willingness to Collaborate 

Given wbot you see as lbe pace of development today among 
all orgnnlzations developlag technology, I.e� business as usual, 
wllat is tbe llhllhood tbal advances to Ibis technology will be 

E) Is your company wiUing to collaborate to advance Ibis technology? 
For eacb technology, cbe<k Yes or No. 

commercially usefui ... By the end of 1999 ... Between 1999 and 2010? If Yes, Enter In #F) codes of If No, Please explain wby 
orgaolzations your company in #G) using one of tbe 

• High likelihood means tbal tbe chance of lbe lecbnologlcsl would collaborate with: following codes: 
advance becomlag commercially useful is greater tban 75% D DOE• C Confidential/proprietary 
- Modemts likelihood means tbat the <hance of tbe techno· N National Labs concerns 
logical advance becoming commercially useful Is 25% to 75% 0 011 and/or gas companies I Intellectual property concerns 
- lAw likelihood means chance of tbe tecbnologlcsl advance R Resear<h Institutes N No benefit expected 
becomlog commercially useful Is Jess lban 25% S USGS and stale surveys R Tecboology perceived 

T Trade associations as too risky 
C) •• By end or 1!1llll? D) •• Belween tllllll and 2010? U Unlvenlties X Other � Please explain In 

V Vendon/service companies space below. You may con-
For eacb technology, For eacb technology, X Olber llnue comment on back of 
check one of lbe followiog: cbe<k one of lbe following: Y All of above form If needed. 

F) If fer, list codes G) If No, wby not? List code, I.e. 
or organlzaUons C, I, N, R, or X. IF X, I.e .. otMr. 

High Moderate Low Hlgb Moderate Low Yes No 
yoer company would 
collaborate with. 

sped!)' reason. 

-------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

-------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

-------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

•cost sharingldemonstration projects - see page 2. 
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Impact Tlmeframe Llkellbood of Commercial Availability Wllllapess to Collaborate 

Q.8) (Co11't.) A) What Impact would B) Do you coaslder the Glvea wbat you see as the pace of developmeat today amoog E) Is your compaDJ wllllog to collaborate to advaace this tecbaology'l 
GAS PROCESSING advaaces or laaovatloas Ia tecboologlcal tulvance or all orgaolzatloos developing techaology, I.e., busloess as usual, For each tecboology, check Yes or No. 

this techaology have oa lnnovtJIIon to be a short• wbat Is the 1/MIIhotH/ that this let:hnologlcal advance or 
IIi Are there other gas processl:t your compaDJ? For each term or loag·term aeed? lnntlvation will be com-rcllll/y usefui •• .By the end tl/ It Yes, Eater Ia #F) codes of If Nt1, Please explala why 
technologltill tulvt�ncn or com{'.!� techaology, check oae of the For each techaology, l999 •• .Bitw .. n 1999 and 20101 orgaalzatloos your compaoy Ia #G) aslaf oae of the 
niW Innovations you feel are mport· following: check oae or both or the • High likelihood mesas that the chaace of tbls techaology would collaborate with: following co es: 
aut to the success or companies • High mesas the techaolog- followiag: becomlag commercially useM Is greater thaa 75% D DOE• C Cooftdeollal/proprletary 
engaged Ia gas processing? Please leal advaate or laoovalloa • Short term mesas your • Mtulel'tJIB likelihood mesas that the chaace of tbls techaology N Nstloaal Labs coacems 
check Yes or Nt1. would have a IJU!/or lmptUt compBDJ Wllold aeed becomlag commercially oseM Is 25% to 75% 0 Oil aad/or gas companies I latellectual property coocems 

oo your compaDJ's per- this techaologlcal • Low likelihood mesas that the chaoce of this tecbaology R Research lastltutes N No beaeftt expected 
_ Yes If Yes, please list each gas formaoce Ia terms or cost advance or laaovatloa becomlag commercially useful Is less thao 25% S USGS and state surveys R Tecbaology perceived 

protesslll8 techoology below sad reduction, gaias Ia domestic by the end or 1999 T Trade assoclatloas as too rls!Q> 
aaswer Questloas A through G for production, emclency, etc. • Long term means your C) •• By ead of 1999? D) •• Betweea 1999 and 2010? U Ualversltles X Other - Please explala In 
each added tecbaology. • Modtrate ... moderate compaDJ would aeed V Veadors/servfce oompaoles space below. You may coo· 

Impact Ibis techaologlcal For each tecbaology, For each tecbaology, X Other lloue oommeat on back of 
_ No If No, please go to aext page. • Low - low Impact advance or lanovatloa 

betweea 1999 and 2010 
check oae of the following: check ooe of the followlag: Y All of above form If seeded. 

F) lr r ... list codes G) lr No, why not? Ust code, I.e. 

Short Laag 
of orpnlzaUons C, I, N, R, or X. U X, I.e., otMr, 

High Hlgb HIRb 
your company would spedlf reason. 

Gas Processing Technology Needs Moderate Low term term Moderate Low Moderate Low Yes No collaborate with. 

10) 

I I) 

------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

12) 

13) 

------ - -------- ----- ---------- --------- -- ------ -------- ----- ------ ------- - - ---- - ----- - · ·  ---------------- _ _ _ _ _ _ _ ___________________ j 
14) i ! 
15) 

•cost sharing/demonstration projects - see page 2. 

For GAS PROCESSING technologies, please print appropriate contact name and telephone number, If different than on page one. 

Name =-----------------------------------------------------------------------------------------------------------------------------

Telephone: --------------------------

Survey instructions may be round on page 2. 
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Q.9) GAS GATHERING 

Complete this page If your 
company participates in 
GATHERING of GAS. If your 
company does NOT do gas 
gathering, please check this 
box 0 and go to page 25. 

Gas GatberiDR TechnoloRY Needs 

1) Compression 

2) Leak deleclion 
3) Plaslic pipe (higher pressure rating) 

4) High pressure measurement 

5) Multi·phase metering 

Survey instruelions may be found on page 2. 

--
Impact 

A) Wbat lmpatl would 
advances lo Ibis technology 
bave on your mmpany? 
For each technology, check 
one or the following: 
• High means tbe tecboolog· 
leal advance would have a 
mqjor Impact on your com· 
pany's performaoce in 
terms or cost reduction, 
gains In domestic product-
loa, efficiency, etc. 
• Moderate ... moderate 
Impact 
• Low ... low impact 

High Moderate Low 

------ --------- -----

------ --------- -----

--- --- - -
Tlmeframe Likelihood of Commercial Availability 

B) Do you consider Given what you see as tbe pace of development today among 
advances to Ibis tech· all organizations developing technology, I.e, business as usual, 
nology to be a short- what Is tbe llhllhood that advances to Ibis teehrrology will h 
term or long-term need? commercially wf/ui ... By the end of 1999 .. .Belween 1999 and 2010? 
For each technology, 
check one or both of tbe • High likelihood means that tbe chance of tbe technological 
foUowlng: advance becoming commercially useful Is greater tbao 75% 
• Short �rm means your • Moderate likelihood means that the chance or the techno-
compaoy would need ad· logical advance becoming commercially uselbl ls 15% to 75% 
vances to this technology • Low likelihood meaos chance of tbe technological advance 
by the end or 1999 becomlog commercially useful Is less thao 15% 
• Long torm means your 
company would need ad· C) ... By end of 1999? D) ... Between 1999 and 1010? 
vances to Ibis technology 
between 1999 and 1010 For each technology, For each technology, 

check one or the following: check one or the following: 

Short Long 
term term High Moderate Low High Moderate Low 

---------- --------- -------- -------- ----- ------ --------- -----

---------- --------- -------- -------- ----- ------ ---------

Wllllnaness to Collaborate 

E) Is your company willing to collaborate to advance this technology? 
For each technology, check Yes or No. 

If Yes, Enter lo #F) codes or 
organizations your company 
would collaborate wllb: 
D DOE• 
N National Labs 0 011 and/or gas companies 
R Research Institutes 
S USGS and state surveys 
T Trade associations 
U Uolvenllles 
V Veodon/service companies 
X Other 
Y All of above 

I II F) Jr Yor, list codes 
or organizations 
your company would 

Yes No collaborate with. 

If No, Please explain why 
lo #G) uslog one of tbe 
roUowlog codes: C Con6denllal/proprletary 

concerns 
I Intellectual properly concerns 
N No beoeDt expected 
R Technology perceived 

as too rlsi!J X Other - Please explain lo 
space below. You may coo-
tloue comment on back or 
form If needed. 

G) Jr No, wby not? Ust code, I.e, 
C, I, N, R, or X. Ir X, I.e .. otMr, 
spectry nason. 

--------- -----------------m ---------------- --------------------------

•cost sharingldemonstralion projects - see page 2. 
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--- -- - - - ----- ---- -----

Impact Tlmell'ame Likelihood of Commercial Availability Willllllllless to Collaborate 

Q.9) (Con't.) A) What lmJHict would B) Do you consider the Given what you see as the pace of development today among E) Is your company willing to collaborate to advance this technology'/ 
GAS GATHERING advances or lnnovatlolis In tecbnologlcol advance or all organizations developing technology, I.e� business as usual, For eoch technology, check Yes or No. 

Ibis technology bave on Innovation to be a short• what Is lbe IIMiihoad that this tedrnolagiC<JI advance or 
6) Are lbere other gas gathering your company? For each terai or long-term need? Innovation will H commercllll(y usl,{ui .. .By the end of If Yes, Enter In #F) codes of If No, Please explain Wb,y 
ttchnologlcal advance�� or comr,tettly technology, check one or the For each technology, 1999 .. .&twnn 1999 and 2010? organizations your company In #G) using one of the 
new lnnovatioM yon feel are mport· following: check one or both or the • High Ukellhood means thai the chance of this technology would collaborate with: following codes: 
ant to the success of compallles � High menus the tecbnolog· following: becoming commercially useful is greater than 75% D DOE• C Conlldentlill/proprletary 
engaged In sas gathering? Please kal advance or Innovation • Shott tum means your • Moderate likelihood means that the chance or this technology N National Labs concerns · 

check Yes or No. would have a mqjor lmpacl company would need becoming commercially useful is 25% to 75% 0 011 and/or gas companies I Intellectual property concerns 
on your company's per- this tecboologlcol • Low likelihood means that the chance of this technology R Research Institutes N No beoellt expected 

_ Yes If Yes, please Usl each gas formance In terms of cost advance or Innovation becoming commercially useful is less than 25% S USGS and state surveys R Technology perceived 
gather!� teehnology below and reduction, gains In domestic by the end of 1999 T Trade associations as too rlsk,y 
aii.S1Ier uestloos A through G for production, emclency, etc. • Long ttnn means your C) •• By end of 1999? D)-Between 1999 and 2010? U UDivenltles X Other - Please explain In 
each added tecboology. • Moderate ... moderate company would need V Veodon/servtce companies space below, You may con· 

Impact this technological For each technology, For each technology, X Other tinue comment on hack or 
_ No If No, please go to next page. • Low ... low Impact advance or Innovation 

between 19!19 and 2010 
check one or the following: check one of tbe foUowlng: Y All of above form If needed. 

F) U Ya, llst codes G) UNo, why not? Uot code, I.e. 

Sbort Long 
or orsanlzadoas C, I, N, R, or X. It X, I.e-. otbl', 

Hlab your company would specify 11!1150ft, 
Gas Gatberlag Techaology Needs Moderate Low term term Hlab Moderate Law Wab Moderate Low Yes No coUaborate with. 

7) 

8) 
------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

9) 

10) 

------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

I I) 

12) 

--

'Cost sharingldemonstration projects - see page 2. 

For GAS GATHERING technologies, please print appropriate contact name and telephone number, It different than on page one. 

Name: __________________________________________________________________________________________________________________________________ __ 

Telephone: --------------

Survey instruc:lions may be found on page 2. 
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Q.lO) GAS STORAGE 
Complete this page if your 
CC!mpaay participates In GAS 
STORAGE. If your eompany 
does NOl' do £as storage, 
please check t Is box 0 aad 
go to page 27. 

Gss Storaae Tecbaolo"" Needs 
I\ Well deliverabililv restoration 

2\ Leak detection and mitintion 

3\ Reservoir manaaement 

41 Oas mi•ration control 

Sl Base oas minimization techniques 

6\ Inert base oss research 

7) Unconventional development 
techniaues 

Survey inslrucllons may be found on pase 2. 

lmuact 
A) Wbat llltJHI<I would 
adwnces ID Ibis tecbaology 
bave on your compaay7 
For eacb lecbaology, cbeck 
one or the followlag: 
• High meaus the tecbaolog-
leal ad¥&uce would have a 
rrudor IIIIJIIld ou your tom· 
pa"''s performance lu 
terms or cost redudlou, 
galas ID domestic product· 
Jon, ellldeney, etc. 
• Modll'tlle ... moderate 
Impact 
• Low ... low Impact 

Blab Moderate Low 

------ --------- -----

I --------- -----

------ --------- -- ---

Tlmeframe 
B) Do you coaslder 
adWJIIt:tlll to tbls teeb· 
nology lo be a sbort• 
term or loag-term need? 
For eacb lecbaolo&f, 
cbeck one or both or the 
followlag: 
• Short tNm means your 
company would need ad· 
WJIIt:tlll to Ibis lecbuolo&Y 
by the end or Jllllll 
• Lorrg tNm means your 
tompany would need ad· 
- to tbls tedlnology 
between 1llllll and 2010 

Short Long 
term term 

---------- ---------

---------- ---------

----- - ---- ---------

Llkellbood or Commercial AvallabiiiiY Wllllnuess to CoUaborate 
Given wbat you see 85 tbe pace or developmeat todll,)' among E) Is your compaD)' wllllag to collaborate to advance tbls tecbnology'l 
aU orgaalzatloas developlag tecbaology, I.e., business 85 usual, For eacb tecbaology, cbeck Ya or No. 
wbat Is the lllulllhood thai advances lo Ibis t .. hrrohlgy wiU b. 
t:fNIIIIIUCially �/ .. .By the errd of lli99 .. .Betweerr lllllll arrd 2010? It Ya, Eater In #F) codes or It No, Please explain why 

OIJllalzallons your tompaD)' ID #G) uslag oue or the 
• High Ukellbood means tbal the cbauce or tbe lecbuologlcal would tollaborate with: following codes: 
ad¥&Dce bemmiDg commen:lally useful Is greater tbau 75" D DOE• C CouDdenllal/proprletary 
• Moduate likelihood meaus that the cbance or the lecbao· N National Labs coneerus 
logical adwnee bemmlug commerdaU, nseful ls 25% to 75% 0 011 and/or gas tompanles I Jutelledual property toueerus 
• Low likelihood meaas cbanee or lbe tecbnologlad adwuee R Resean:h IDstltules N No beueDt espected 
bemmlag tommerdaU, useful Is less than 25" S USGS and state surveys R Tecbaolo&f pen:elved 

T Trade assoclatloDS as too rlsl!r 
C) ... By end or 1llllll7 D) • ..Between 1!1!1!1 and 20107 U Unlvenliles X Otber - Please explaiD ID 

V Veudon/semee tompanles •t:::ee below. You mil.)' ton· 
For eacb tecbaology, For eacb lecbuology, X Other I ne tommeat on back or 
cheek one or the following: cbeck one or the foUowluJil Y AU or above form If ueeded. 

F) lr Ya, llsl cades G) lr ND, ...., not? Ust code, I.e., 
of orpnlzaUons C. I, N, R, or X. Jr X, I.e., otlNr, 

Blab Moderate Low Hllh Moderate Low Yes No 
JOUr compa11J '1111uld 
coUaborale with. 

specl!¥ 11'1!810n. 

---- - --- -------- -- --- ------ --------- ----- -- --- - - - --------------- - --------------------- -----

- -- ----- ------- - ----- ------ --------- ----- - - --- - - - ---------------- --------------------------

- - - ----- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

'Cost sharinrfdemonstration projects - see page 2. 
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Impact Tlmelk'ame LlkeUbood of Commerdal AvallabiiiiY WIIUDmess to Collaborate 

Q.lO) · (Con't.) A) Wluit lmptlct would · B) Do r.::u coaslder the Glvea wllat you see as the pace or developmeat today amoag E) Is your compaay wlillag to collaborate to admace this tedlaololl)"l 
GAS STORAGE ad.YBaces or laaovalloas Ia tedlao. oglcal llliWIIlce or all orgaalzatloas developlag tedlaology, I.e� busloess as usual, For each techlioloiiJ, check l!u or No. 

this tedmology have oa lnniMIIIon to be a short· wllal ls the llbllluHHI Ihal thls t«<tnooaglcal llliWIIIce or 
I) Are there other ps storage your comp� For each term or loag-term ileed7 Inn_,, will be COliiiMIVIilll� uufoiM.By th• ""' of  Ir Ya, Eater Ia #F) codes of rr No, Please aplala w111 
tteltnoto,lcal llllvonca or comf::! ledlaology, eck oue of the For each ledlaology, l999 .. .1JitwmJ 1999 and ZIJIIJ1 orgaDizatloDS your coaipall,)' Ia #G) us::J oae or the 

BfW lniioWIIIIIIU JOU feel are mport• follawlag: check oae or both of the • High Ukellbood meaas that the chauce or IIIIa leehuology would collaborate with: rollowlag co es: 

aat 10 t.be success of com�ales • High meaas the tedlaolog· followlag: bccomlag commerdally useful Is greater tbau 75'lll D DOE• C Coaftdeallal/proprlelar)' 

e� Ia gas storage? lease leal advance or laaoYBIIoa • ShDtt tfrm meaas your • Mllllll'tlll llkeUbood meaus that the chaace of Ibis tedluology N Nalloual Labs coacerus 
eli Yu or No. itoulcl biln a ,., Impact  compall,)' would aeed bccomlag commerdally useful Is :ZS'lll lo 7K 0 on aadlor gas compaales I lulelledual properl)' couceras 

oa year compall,)''s per- IIIIa techaologlcal • Low Ukellhood meaas that lhe chaace of Ibis teehaology R Research lastltutes N No beaeDt expected 
... Yes It Yu, please Ust each gas foi'Olaace Ia terms of cost adWIIJice or laaoYBtloa bccomlag commerdall7 useful Is lesi thaa Z5'lll S USGS aad stale surveys R Tedlaology perceived 

storage tedmology below aDd reductlou, galas Ia domestic b)' the eud of 199!1 T Trade assoclallous as too rls!Qr 
aiiSMJ' Questloas A through G for production, emcleuey, etc. · l..tmf ,., mesas your C)..BJ eod of 199!17 D)..Betweea 1999 aud 20107 U UaiYerSIIIes X Other - Please explala Ia 
each added tethilology, • Motl•ralf ... moderate compall,)' would aeed V Veadontsenlce compaales :£aace below, YQu may COD• 

Impact this tedlaologlcal For each tecbuology, For each tedmology, X Other ue commeut oli back of 

_ No If No, please go to uext page. • Low - low Impact advance or lauovallou check oue or the rotlowlag: cheek oue or the followlug: Y AU of aboYe rona If aeeded. 
bctweea 199!1 aud 2010 

II) Jr Yor, lilt codes G) U No, why alii? Usl cade, I.e. 

Gu Sto� Short Loug 
or arpalzallans C, l,  N, R, or X. If X, I.e. OIINr, 

lllllh lllllh Rl&b 
JOUr company would opeclff reasan. 

TechuoloRY eeds Moderate Low term term Moderate Low Moderate Low Yes No collallarale with. 

9) 

10) 

------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

I I) 

12) 

------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------

13) 

14) 

'Cost sharinl!fdemonstratian projects - see page 2. 

For GAS STORAGE technologies, please print appropriate contact name and telephone number, If different than on page one. 

Name=--
----------------------------------------------------------------------------------------------------------------------

Telephone: --------------------------

Survey instructions may be found on paae 2. 
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Q.ll) ENVIRONMENTAL A) Wbal lmpaet would B) Do ;you couslder Glveu wbac ;you see as the pace of dewlopmeac Coday amoaa E) Is ;your compaDy wllllq Co collaborate co advaace Chis Cedmology'/ 
AND REGULATORY advaaces Ia Chis Cechaolollf llllwmca co Chis tech· all oraaalzalloas developlq Cechaol011f, I.e., buslaess as usual, For each CechaoiOJIY, check Yu or No. 

have oa your compaJ11? aoloay Co be a shorl· wbal Is the IIM/Ihood Chat advaaces Co Chis t«hnolDgy will h 
Complete this page regarding For each Cechaoloa:r, check term or loaa·Cerm aeed? cmnmffCially �I ... By tho oml of 1999, • .B,._ 1999 and 2010? If Yu, Eater Ia #F) codes of If No, Please explala wb,y 

oae of Che followlag: For each Cechaolagy, orgaalzalloas your compaDy Ia #G) aslag oae of the ENVIRONMENT AU • High mesas the techaoloa· check oae or both of the • High Ukellhood meaas that the chaace of the Cechaologlcal would collaborate with: followlag codes: 
REGULATORY technologies. leal advaace would have a followlag: advaace hec:omlq commerdaii.J usellll ls greater Chaa 75% D DOE• C CoaftdeallallproprleCOry 

nuW1r lmpaet oa your com· • Short krm mesas roar • MtHimJte UkeUhood mesas Chat the chaace of the Cechao- N Nacloaal Lahs coaceras 
pall)"s performaace Ia compaJ11 would aeed ad· logical advaace hec:omlag commercially usellll Is 25% co 75% 0 OU aud/or gas compaales I Jalelleclaal property coaceras 
terms of cost reduccloa, WIRCG Co Chis Cechaolagy • JAw llkellboad mesas chaace of Che Cechaologleal advance R Researcll laslllates N No beae&c expected 
plus Ia domestic produel· by the end of 1!1!1!1 hec:omlag commercially usellll Is Jess chaa 25% S USGS aad state surveys R Techaol� perceived 
loa, emcleaCJ, ole. • lAng ,.,., means ;your T Trade assoelalloas as coo rls 
• Moderate ... moderate compaDy would aeed ad· C)...Jif ead of 1!1!1!1? D)-Bee-a 1!1!1!1 aad 2010? U Ualvenltles X OCher - Please eaplala Ia 
lmpael wmca co Chis techaolagy V Vendon/sel'Yice compaales space below. You may COD· 
• JAw .M low Impact helweea 1!1!1!1 aad 2010 For each Cechaolagy, For each Cechaololl!', X OCher tlaue commeac oa hack of 

check oae of Che followlq: check oae of the followlag: Y AU of above form If needed. 

F) rr ror, ust codes G) If No, why not? List code, I.e. 
Shore 

of orpnlzadons C, l, N, R, or X. Jf X, I.e .. Dthr, 
Eawlroame:=�•aulalory 

Blah 
Loq 

Blah Blah JOUr company would specll)' reason. 
Tecllaolo es Needs Moderate Low term term Maderace Low Moderate Low Yes No collaborale with. 

Jl  Dimasal methods for drillin• fluids 
21 Treatmenl/disoosal of oroduced Ruids ------ ----- - - - - ----- ----- ----- --- ------ -------- -------- ----- ------ ------ --- ----- 1----- - - - ---------------- -------------- ------------
31 Sacenln• oroc:edures inietllon wells 
4) Risk and reclamation analysis of disposal 
methods ------ ----- ---- ----- ---------- --------- --- ----- - - --- --- -- --- ------ --------- ----- ----- - - - ---------------- ------------- -----------

51 Leak deteetion 
61 Hvdrolo leal modelin• ------ --------- ----- ---------- --------- -------- -------- ............... ----- - --------- ----- -- --- - - - ---------------- --------------------------
7) Compliance with CIIAA stational)' 
source 1ssue 

�r�"ih.�:.� :'=::�:'.::�::.:::.�.::� ------ --------- ----- ---------- --------- -------- -------- ----- ------ -- - ------ - ---- ----- - - - ---------------- ------- ------------------ -

�!':!�.��
n
:r'::O:�'l:a:�

d
���

io
;.ifs' 

10) Effluent and emission monitoring, 
mmimization and control ------ ----- ---- ----- ---------- ----- ---- -------- -- - - ---- ----- ------ ------ --- ----- ----- - - - ---------------- ---------- ----------------
I ll Rc...,lin• of wasteibvDrodud streams 

121 Remediation technoloDV ------ ----- ---- ----- ---------- --- ------ -------- - - --- - - - ----- ------ - - --- - - -- ----- -- --- - - - ---------------- ------- -------------------� 
131 Catalvst recvtllna ::l���· scientiroc basis for risk·based 

------ --------- ----- ---------- ---- ----- - ------- -------- ----- ------ ----- - - -- ----- ----- - - - -------------- -- ________________________ _:_J 151 NORM disoosal 

•Cost sharing/demonstration projects - see page 2. 
Survey inslrudions may be found on page 2. 

9 L\) .....:! 
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Q.ll (Con't.) Impact Tlmeli'ame Ukellhood or Cemmmlal Awllablllly \VIIIJqaess to Collallorate 

ENVIRONMENTAL AND A) What lnqiad would B) Do JOU coaolder the Glvea what you see as the paoe of development todll)' amoaa E) is your aimpaD)' wiDIDa to collaborate io ad¥aace Ibis tedliloJOgy? ' 
REGULATORY lld¥aace. or IDaowlloas ID techaologlc:al tlllrtiiiCf (Jr aU :f!'alzatloas developl1.. techlio.::£• I.e.; business Iii usual, For eadl tedlaotoaJ, dleck Ya or No. 

Ibis tediilology bave oa lnntwlllfon to lie a short· what the llkiiiiHHHi that t 1«11 'ogii:tll tlllvtiiiCf or ii Ya, Eater Ia #F) codu or 16) Are there other eaYiroameatal JOur co�apall(l For eadl term or lolll"term aced? IIIIUIWIIitm will be -���· 118f!ftd.,.By 1M end of If No, Pleaie esplliiD whJ 
aad nPJaioiY I«hno�l tUlwllfou tediilolo1J, eheck oae or the For eadl tedlaol011J, 1999 .. .BtdWHn 1999 ll1fll %0101 orpalzritloas YI!Dr compaD)' ID #G) a� one or the 
or eompJ;t.ly IIBii> lnlfDWIIiiJM )'OU l'eel foUowlap dleek oae or both or the • High Ukellhood mealll that the chaace or this tedlaOIOIIJ would collaborate wlllll loU= Ill 
ai'l! lmpu1alil to the -..ae.s of com· • High mealll ihe techaolq· loUowlq: IJecl!mlaa commerdaliJ aselld Is pester thaa 7� D DOE• C Co. . eatlallproprltlaiY 
pules partld(iat� .Iii the olllllill lcal adwace or limo\latloa • Slwtt trrm meaas Jour • Mtldmite Ukidlhood meaas that the dlaace · or tbls iedlaoiOIIJ N Nlitloaal Labs co-ras 
ladullllj? Please eck Ya or No. would have a tiudOr lmfllld compaD)' would aced liei:omlaa commerdaU,. aselld Is 251lt to 7� o on aad/or iias compaales I lateUeetual proptit)' coaceras 

OD )'OUr compaD)"s peJ'o this tedlaoJoaleal • Low Ukellhood mesas thai !be dlaaoe of this lechaoloiJ R Reselli'Cb IDIIIIDICI N No ileaellt Upeeted 
_ Yei If Yu, please Jist eadl formaace Ia terms of cost adwace or laaowlloa liei:omlq commerdall)' usellll Is less lhaa Z5% S USGS aad state surveys R Tedlaolot perceiVed 

ea'VInnimeatal aad rqillatoey redacttoa, plus ID domestic b)' the ead of 1111111 T Trade liSsoelstloas as too rls 
tediiloloBJ lielow aad aaswer produetloa, eftlcleaey, etc. • Ltmg rrrm mesas your C) ... B)' ead of 111997 D)...Betweea 11199 Bad 20101 U UalnnUies X Other - Please lll)llala Ia 
Qae�tloas A throaah G for eadl • Mot/ll'dte - moderate comJIIID1 would aeed V Veadon/senloe compaales = below. Yoil Mil)' COD• 
added tedlaoiCIIJ. Impact Ibis techaoloakal For each tedlaOICIIJ, For eadl tedlaoloiJ, X Other ue co-eat oa llaek of 

• Low ... low Impact adwaoe or laaowtloa dleck oae of the foUowlaa: dleek oae of the foUowlqt Y All or above form If aeeded. 
_ No If No, please 10 to aext PBII• Jietweea 1111111 aad 2010 

F) lf Y•, IIsl cades G) If No, wbJ noa7 UBI eode, I.e, 

Eum;::ma: 
N
�:!loloey Short Laq 

of orpnbaUons C. l, ·N; B, Ill' .It If� I.e, OIMr, 
Blllh Bll!h Blah 

roar comP8111 would spiel!) reason. 
Moderate Low term term Moderate Low Moderate Low Yes No collabonle wllb. 

17) 

18) 

------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- " " "  ---------------- --------------------------
19) 

20) 

------ --------- ----- ---------- --------- -------- -------- ----- ------ --------- ----- ----- - - - ---------------- --------------------------
21) 

22) 

•Cost sharingldemonstration projects - see page 2. 

For ENVIRONMENTAL AND REGULATORY technologies, please print appropriate contact name and telephone number, If different than on page one. 

Name=------------------------------------------------------------------------------------------------------------------------

Telephone: --------------------------

Surwy instNCtions may be round on page 2. 
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12) In broad general terms, please describe the barriers and problems that might prevent you from accomplishing your corporate business needs and which might be met by an emerging 
technological solution. (If more space is needed, you may continue comment on the back of the form.>----------------------------------

The following questions will be used to help us understand R&D spending trends In the industry. 
13A. 1) Approximately what were 1994 R&D expenditures for your organization as reported in your annual statement or 10-K? Please enter figure in millions of dollars in column A of matrix below. 

13A.2) Similarly, what were 1990 R&D expenditures for your organization? Please enter figure in millions of dollars in column A of matrix below. 

13A.3) What do you project your organization's 1998 R&D expenditures to be? < <Estimate in millions of 1998 dollars. > >  Please put estimate in column A of matrix below. 

138. 1-3) Approximately what percent of these 1994 R&D expenditures do you estimate are related primarily to oil R&D projects? Similarly, what percent would you estimate for 1990? For 1998? 
Please enter estimated percentages in column B of matrix below. 

13C. l-3) Approximately what percent of these 1994 R&D expenditures are related primarily to gas R&D projects? Similarly, what percent would you estimate for 1990? For 1998? Please enter 
estimated percentages in column C of matrix below. 

13D. 1-3) Approximately what percent of these 1994 R&D expenditures are related to R&D projects applicable to both oil and gas? Similarly, what percent would you estimate for 1990? For 1998? 
Please enter estimated percentages in column D of matrix below. 

Annual R&D Expenditures 
Year A) $ (Miutons) B) % primarily oil C) % primarily gas D) % both oil and gas 

1994 

1990 

1998 

14) Do you currently do any technology collllborations in conjunction with the National Labs and/or with DOE? (See page 2 for definition.) Please check one option below. 
__ (B) Collaborate with both the DOE and National Labs 
__ (D) Collaborate with DOE 
__ (N) Collaborate with National Labs 
__ (Z) Do not collaborate with either 

Survey Instructions may be round on page 2. 
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lSA) Are you willing to collaborate with the following organizations regarding R&D? For each organization type, please check Yes or No in section A of the matrix below. 

lSB) For those organizations you would collaborate with regarding R&D, what is your preference regarding collaboration? In column B of the matrix below, please enter a "1" for the type of organization with 
which you would most prefer to work, "2" for the type of organization you would prefer to work with second most, etc. 

lSC) If you would not collabonte with an organization, please explain why in column C of the following matrix. 

A) Willingness to 
Collabonte. 

Please check Yes or No 
B) Rank preference 

Orpnlzatlon Yes No regarding collaboration C) If not willing to collaborate, please explain. 

DOE• 

National Labs 

Oil and/or gas companies 

Research Institutes 

USGS and state sutVeys 

Trade associations 

Universities 

Vendor$/setVic:e companies 

•cost sharinsfdemonstration projects - see page 2. 

ISO) If you prefer to work with other organizations, please specify the type of organization: 

lSE) If you anticipate any problems In collaborating with any of these organizations (even for organizations for which you marked Yes), please explain which organizations and issues that would 
need to be resolved. (If you need additional space, you may continue on the back of the form.)'---------------------------------

SuJYC)' instruclions may be found on page 2. 
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The following questions will be used to help us analyze the data. 

16) Please describe whether your company is categorized as an Integrated gas and/or oil company, a large or small Independent producer, an Independent refiner, or service company. 
Please check the one category below that best describes your company: 
---- (A) Integrated gas company 
___ (B) Integrated oil company 
____ (C) Integrated oil and gas company 
---- (D) Large independent producer 
____ (E) Small independent producer 
____ (F) Independent refiner 
___ (G) Service company 

17) Please describe whether your company participates in the natural gas industry, the oil industry, or both. Please check one of the following: 
___ (A) Gas 
___ (B) Oil 
___ (C) Both oil and gas 

18) Please identify which business segments your company participates in. Please check all that are appropriate: 
___ (A) Exploration 
___ (B) Drilling 
___ (C) Well completion 
____ (D) Production 
---- (E) Transportation 
___ (F) Offshore facility 
___ (G) Storage 
____ (H) Gas treating 
___ (I) Refining 
___ (J) Other (Please explain:---------------------------------------------· 

19) What, approximately, were your company's 1994 gross sales world-wide? (Please round to millions of dollars, i.e., $8,300,000 becomes 8.3) 
_____ ($ millions 1994) 

20) Approximately how many people were employed world-wide by your company as of the end of 1994? 
----- (# employees 1994) 

21) What, approximately, were your company's U.S. oil reserves as of the end of 1994? Similarly, what were your company's worldwide oil  reserves at the end of 1994? 
_____ (millions of barrels - U.S.) 
_____ (millions of barrels - worldwide) 

22) What, approximately, were your company's U.S. gas reserves as of the end of 1994? Similarly, what were your company's worldwide gas reserves at the end of 1994? 
_____ (trillions of cubic feet - U.S.) 
_____ (trillions of cubic feet - worldwide) 

Suavey instructions may be found on page 2. 





PART II 
SURVEY RESULTS 





Major Companies"' that Responded to the NPC Survey of Research and 
Development Needs 

Company 

Amoco Exploration & Production Technology 
Anadarko Petroleum Corporation 
ARCO Exploration and Production Technology 
Ashland Oil, Incorporated 
Ol.evron 
Conoco, Incorporated 
Exxon 
PUna, Incorporated 
Kerr-McGee Corporation 
Marathon Oil Company 
Occidental Petroleum Company 
Phillips Petroleum Company 
Shell Oil Company 
Sun Company, Incorporated 
Texaco, �corporated 
Union Pacific Resources Company 
Unocal Corporation 

* For the purposes of this study, a major company is one which is part of the 
Department of Energy's FUnancial Reporting System. All but two of the above 
companies also qualify as major companies by the IRS' definition. 
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Other Integrated Oil and Gas Companies that Responded to the NPC Survey of 
Research and Development Needs 

Company 

BHP Petroleum Americas Incorporated 
Columbia Gas System 
Consolidated Natural Gas 
ENSERCH Corporation 
Equitable Resources 
Flying J Incorporated 
Murphy Oil Corporation 
Panhandle Eastern Corporation 
Sonat, Incorporated . 
Southern California Gas Company 
Tenneco 
The Williams Companies 



Independent Companies that Responded to the NPC Survey of Research and 
Development Needs 

Company 

Alcorn Exploration 
Armstrong Energy Corporation 
Axem Resources Incorporated 
Badger Oil Corporation 
Ballard and Associates, Incorporated 
Celsius Energy Company, an Affiliate of Questar Corporation 
CMS Nomeco Oil and Gas Company 
Coulson Oil Company, Incorporated 
Crown Central Petroleum Corporation 
Devon Energy Corporation (Nevada) 
Diamond Shamrock 
Enervest Management Company, L.C. 
Forest Oil Corporation 
Gunn Oil Company 
Julander Energy Company 
Lynx Petroleum Consultants, Inc. 
Meridian Oil Incorporated 
Mesa Incorporated 
Mitchell Energy Corporation 
National Cooperative Refinery Association 
Newfield Exploration Company 
Osyka Producing Company, Incorporated 
Parker and Parsley Petroleum Company 
Parker and Parsley Petroleum USA, Incorporated 
Pitts Oil Company /Dallas Production, Inc. 
Sanchez-O'Brien Oil and Gas 
Seagull Energy Corporation 
Seneca Resources 
Southwest Research Institute 
Taylor Energy Company 
Tesoro Petroleum 
The Louisiana Land and Exploration Company 
Tosco Corporation 
Total Petroleum, Incorporated 
True Oil Company 
Union Texas Petroleum 
Ward Petroleum Corporation 
Washington Gas 
Winn Exploration, Incorporated 
Yates Petroleum Company 

D-35 
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Service Companies that Responded to the NPC Survey of Research and 
Development Needs 

Company 

Axelson, Incorporated 
Baker Hughes, Incorporated 
Barold Drilling Fluids 
Copestone, Incorporated 
Dresser Oilfield Valve Division 
Dresser-Rand Company 
Flournoy Drilling Company 
Halliburton Energy Services 
Ingersoll-Dresser Pump Company 
Lone Star Steel Company 
Parker Drilling Company 
Premier Enterprises, Incorporated 
Rowan Companies, Incorporated 
Schlumberger 
Security DBS 
Sperry-Sun Drilling Services . 
Sperry-Sun Drilling Services, a Dresser Industries Incorporated Company 
The MW. Kellogg Company 
Western Atlas International Incorporated 
Wheatley Canada, Umited, A Dresser Industries Incorporated Company 
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Identification of Short-term R, D&D Targets 
- Exploration -

I 

- a l l  respondents -

1 - 1  30 Basin modeling 
1 -2 Risk assessment methods 
1 -3 High-resolution seismic depth imaging 
1 -4 Specialized seismic processing 
1 -5 Sequence stratigraphy techniques 
1 -6 Workstation seismic modeling 
1 -7 Geochemical analysis 
1 -8 Airborne/satellite remote sensing 
1 -9 FauH seal analysis 

- - - - - - - - - - - - r - - - - - - - - - - - - - - - - - 1 -1 0  MuHi-component seismic techniques 
1 - 1 1 30 Paleostructural restoration 

1 -8 • 

1 
I 
I 

I 
I 

1 �7 • 
1 -2 • 

1 - 16 . 
1 -9 • 

1 -1 • 
1 -1 0 •  

1 -5 • 

1 - 12  Amplitude versus offset (AVO) in 30 
1 - 1 3 30 Visualization tools 
1 - 14  Advanced seismic acquisition 
1 - 1 5  Geographic information systems 
1 - 16 Geophysical fracture-detection methods 

- - - - - - - - - - - - - - - - - -� - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

1 -1 5 •  1 - 12  
1 -3 • 

Low 

.� 
1 -4:..........-- · 1 - 1 4 . 

1 -1 1 . 

1 -6 • 

Moderate 

Impact of Need 

• 1 - 1 3  

High 

Llkeli-
Impact hood n =  

3.6 2.7 30 
2.9 2.8 34 
4.5 2.2 51 
3 .9 2.0 47 
3.3 2.5 42 
3.5 1 .5 51 
2.5 2.9 30 
2.0 2.6 21 
3.4 2.9 37 
3.6 2.6 32 
3.4 1 .8 33 
3.9 2.0 52 
3.9 1 .6 45 
4.3 2.0 46 
2.9 2 . 1  29 
3.6 3 . 1  37 
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Identification of Long-term R, D&D Targets 
- Exploration -

- al l  respondents -

1-1 30 Basin modeling 
1 -2 Risk assessment methods 
1 -3 High-resolution seismic depth imaging 
1 -4 Specialized seismic processing 
1 -5 Sequence stratigraphy techniques 
1 -6 Workstation seismic modeling 
1 -7 Geochemical analysis 
1 -8 Airborne/satellite remote sensing 
1-9 Fault seal analysis - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - -! - - - - - - - - - - - - - - - - - - 1 : : :� ���"!':::t".:�=niques 

: : 1 - 12 Amplitude versus offset (AVO) in 30 I I 

I I 
I I 
I I 

1 -9 -: I 
1 -2 • 

I 
I ' 

1 -7 • I 
1 -8 • : 1 - 16 . : 

- - _ _ _  } _ _ _ _ _ - - - - - - - - - -- - - - :- - - - - - - - - -- - - - - - - - 1 :1 -
.

- - � -v1o . 

Low 

I 
I 1 -1 5  • 1 -5�. 1- 14 • 

1 -6("" 
1 - 12 ' • 1 - 13 · 1 -4 / 

Moderate 

Impact of Need 

� -3 • 

High 

1 - 13  30 Visualization tools , 1 - 14  Advanced seismic acquishlon 
1-1 5 Geographic information systems 
1 - 16  Geophysical fracture-detection methods 

Likell-
Impact hood n =  

1 .9 2.2 31 
1 .7 2.8 27 
3.9 1 .4 27 
3.3 1 .5 28 
2.5 1 .8 29 
2.5 1 .8 1 5  
1 .7 2.7 31 
1 .5 2.6 39 
2.3 2.9 32 
2.7 2.1 37 
2.6 2.2 34 
3.3 1 .5 1 5  
2.8 1 .5 22 
2.9 1 .8 26 
2.1 1 .9 35 
2.7 2.6 33 
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Identification of Short-term R, D&D Targets 
- Development -
- al l  respondents -

2-1 Advanced reservoir analog models 
2-2 Computer-based 3-D geological modeling 

I 2-3 Development-scale seismic applications 
I 2-4 Tracers (biologic/chemical/radioactive) I 
I 2-5 Core analysis/imaging 

2-6 Geostatistical reservoir descriptions 
2-7 Outcrop analog studies 
2-8 Fluid-rock interaction 
2-9 Rock physics I 
2-10  Cross-well geophysical imaging I 

I 
I 2-1 1 Advanced attribute processing 

- - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2-1 2  Seismic/log/core calibration 

l1��- 2-20 • N2-19·2-1 8 •2-8 
2-21 a 2-1 0 • 

2-34� 2-30 . • 2-27 .. 2-16 
2 32 ·23 8 I • : 2-9 • 2-31 • �-1 4 . • 2-1 5  - - - - - - n - - - - - ����-��c�;� �- - - - - - - - - - - - - - - -

• 2-1 7 . 2t25 • . 

Low 

2•33 I . 2•3 8 
I 2-2 • I 

2-26 . I 
I 
I 
I 
I 
I 
I 
I 

Moderate 

Impact of Need 
High 

2-1 3  Cuttings analysis 
2-14  Reservoir property identification 
2-1 5 Through casing logging 
2-1 6 Deep investigation techniques 
2-1 7  High resolution borehole imaging logs 2-1 8 Specialized core analysis 
2-1 9  Characterization of rock wettability 
2-20 Permeability logging techniques 2-21 Tracer techniques 
2-22 CT scanning and NMR imaging 
2-23 Formation water chemistry 
2-24 Fluid sampling and analysis 
2-25 Advanced reservoir simulation modeling 
2-26 Workstation single well simulations 
2-27 Procedures for data scale-up 
2-28 Expert systems applications 2-29 Time lapse seismic imaging 
2-30 Advanced monitoring of EOR processes 
2-31 Advanced well testing and interpretation 
2-32 Material balance applications 
2-33 Decision and risk analysis 
2-34 Expendable well bore instrumentation 

Like II-
Impact hood n =  

3.3 2 .1 32 
4.2 1 .7 45 
4.3 1 .8 43 
2.5 2.3 24 
2.9 2.3 35 
3.4 2.1 36 
2.7 2.7 24 
3.3 2.8 39 2.8 2.4 30 
3 .4 2.7 32 
3.6 2.3 34 
3.8 2.0 48 
2.6 2.7 28 
3.9 2.4 44 
4.1 2.4 50 
3.7 2.6 42 
3.5 1 .9 41 
2.9 2.8 29 
2.6 2.8 26 
4.2 3.0 46 
2.3 2.7 23 
2.8 2.3 24 
2.8 2.5 25 
3.0 2.2 31 
3.9 1 .9 43 
3.0 1 .6 37 
3.3 2.6 28 
2.9 2.0 20 
2.8 2.9 22 
3.0 2.6 24 
3.5 2.4 38 
2.6 2.6 28 
3.0 2.3 31 
2.4 2.6 20 
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Identification of Long-term R, D&D Targets 
- Development -
- a l l  respondents -

2-1 Advanced reservoir analog models 
2-2 Computer-based 3-D geological modeling 

I 2-3 Development-scale seismic applications 
I 2-4 Tracers (biologic/chemical/radioactive) 

2-5 Core analysis/imaging 
2-6 Geostatistical reservoir descriptions 
2-7 Outcrop analog studies 
2-8 Fluid-rock interaction 
2-9 Rock physics 
2-1 0  Cross-well geophysical imaging 

I 
2-1 1 Advanced attribute processing 

- - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2-12 Seismic/log/core calibration 
I 
I 
I 
I 
I 
I 

2-1 3 • •2-32 : 2-1 9 2-7� 
2-23 • • •2-34 : 

2-4 . 2-24 • 2-r· 2-1 0 . � · 2- 1 • 2-21�2-29 • 
2-22 2-1 8  • • 

2-�· 2-6· 
- . 

•2-1 7 

2-28 
2-33 I 

I 
2-1 6 . I 

I 
I 
I - - - - - - - - - - 7-27 •- 2�1" li - - - - - - - - - - - - - - - -� - - - - - - - - - - - - - - - - - -

I 2-14 •  • 2-20 : 

Low 

2-1 1 • 2-1 2 . I 
I I 
I 

2-3 • 
I 

I I 
I 2-25 . 2-1 5 :• I 
I I 
I I 
I I 
I I 
I I 

2-26 -: 2-2 · : 
I I 
I I 
I I 

Moderate 

Impact of Need 
High 

2-1 3 Cuttings analysis 
2-14  Reservoir property identification 
2-1 5  Through casing logging 
2-1 6  Deep investigation techniques 
2-1 7  High resolution borehole imaging logs 
2-1 8  Specialized core analysis 
2-1 9 Characterization of rock wettability 
2-20 Permeability logging techn iques 
2-21 Tracer techniques 
2-22 CT scanning and NMR imaging 
2-23 Formation water chemistry 
2-24 Fluid sampling and analysis 
2-25 Advanced reservoir simulation modeling 
2-26 Workstation single well simulations 
2-27 Procedures for data scale-up 
2-28 Expert systems applications 
2-29 Time lapse seismic imaging 
2-30 Advanced monitoring of EOR processes 
2-31 Advanced well testing and interpretation 
2-32 Material balance applications 
2-33 Decision and risk analysis 
2-34 Expendable well bore instrumentation 

Likel l-
Impact hood n =  

2.4 2.1 30 
3.6 1 .3 24 
3.4 1 .9 28 
1 .7 2.8 39 
2.1 2.5 27 
2.4 2.4 34 
1 .9 3.0 36 
2.8 2.6 28 
2.4 2.8 42 
2.9 2.8 36 
2.5 2.7 31 
3.3 2.1 22 
1 .8 3.1 32 
3.0 2.2 27 
3.7 1 .8 22 
3.3 2.6 28 
2.7 2.4 25 
1 .9 2.5 33 
1 .8 2.9 38 
3.2 2.2 26 
1 .9 2.7 44 
2.0 2.7 37 
1 .7 2.9 37 
2.1 2.8 32 
3.0 1 .8 29 
2.3 1 .3 29 
2.1 2.3 38 
2.3 2.5 40 
2.3 2.6 44 
2.1 2.4 41 
2.5 2.3 31 
2.0 3.1 33 
2.3 2.5 30 
2.0 2.9 40 



CD 
:iS .!! ·; 
> <C 
� 'ii 
·� 
CD E 
E 
0 
0 

0 
z 
� 
en 
0 
0 
c 
.c 
(,) 
CD 
1-
"C 
0 
0 
.c 
·-

a; � 
::::l 

t1 
I ,j::>. .......... 

I 
m m m ...... 
'5 
"0 
c 
Q) 

Q) .c -
>-en 

..c. C) 
:f 

� 
Q) 

"'C 
0 � 

� 

Identification of Short-term R, D&D Targets 
- Dri l l ing and Completion -

- al l  respondents -

3-1 Horizontal well bore applications 
3-2 Drilling fluid design 
3-3 Advanced fracture techniques 
3-4 Cementing 
3-5 Perforating and well bore cleanup 
3-6 Well productivity 
3-7 Multilateral technology 
3-8 Innovative bit and tubular technology 

I 3-9 Slim hole drilling 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J · - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - 3-1 0 Under balanced drilling 

Low 

3-4 • 3-6 • 

3-1:a . • 3-3 - - - - - - - - - - -a--1 0  -.- - - :��� - - - - - - - - - - - - -

3-::1 
3-1 2 

Moderate 

Impact of Need 

3-9 
• 3-7 

3-1 • 

Hi�h 

3-1 1 Measurements while drilling 
3-12 Coiled tubing drilling 
3-1 3 Unconventional drilling technology 

Likell-
Impact hood 

4.1 1 .4 
3.5 1 .9 
4.1 2.4 
3.2 2.7 
3.8 2.3 
4.3 2.7 
3.9 1 .9 
3.7 2.3 
3.7 2.3 
3.4 2.3 
3.6 1 .9 
3.6 1 .9 
3.8 2.4 

n =  
56 
45 
49 
42 
48 
47 
36 
42 
39 
30 
46 
39 
25 
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Identification of Long-term R, D&D Targets 
- Dri l l ing and Completion -

- a l l  respondents -

3-1 Horizontal well bore applications 
3-2 Drilling fluid design 
3-3 Advanced fracture techniques 
3-4 Cementing 
3-5 Perforating and well bore cleanup 
3-6 Well productivity 
3-7 MuHilateral technology 
3-8 Innovative bit and tubular technology 

I 
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - 3-9 Slim hole drilling 

1 

3-1 3 . 
I 
I 

3�4 • 3-5 • 
I 
I 

- - - - - - - - - - - - - - - -�-iJL-�19 _ _ _ _ _ _ _ _ _ _ _ _  � - - - - - - - - - - - - - - - - - -

Low 

:3-8 • 3-1 1 3-6 . I 
I \ 
I 3-12 . • •3-7 
: 3-3 • 
13-2 • I 

3-, • 

Moderate 

Impact of Need 
High 

3-1 0 Under balanced drilling 
3-1 1 Measurements while drilling 
3-1 2  Coiled tubing drilling 
3-1 3 Unconventional drilling technology 

Llkell-
Impact hood 

3.8 1 .3 
2.6 1 .9 
2.9 2.0 
2.5 2.7 
3 .1 2.7 
3.6 2.3 
3.0 2.1 
2.6 2.3 
2.4 2.4 
2.5 2.4 
2.9 2.1 
2.7 2.1 
2.4 3.0 

n =  
26 
32 
25 
32 
24 
28 
36 
32 
38 
40 
28 
36 
47 
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Identification of Short-term R, D&D Targets 
- Production -

- a l l  respondents -

4-1 Injection water treatment 
I 4-2 Produced water treatment I 
I 4-3 Corrosion control I 

4-4 Scaling inhibitors 
4-5 Paraffin controVremoval 
4-6 Oil/water/gas/separation 
4-7 Beam pump analysis 
4-8 Gas lift analysis 
4-9 Submersible pump analysis 

- - - - - - - - - - -4-20• - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - 4-1 0 Rod/tubing wear evaluation 
4-21 • I •4-1 6  I 

4-2�•4-1 9• • 4-1 7 : 
4-24• I I 

I 4-4 I 

: 4-1 5\ 4-1 8f : 
I 4-1 0..-• 4-5 . I 
: 4-6• • 14-3 
I 4-8 • 4-1 • 4-1 2• 1 

4-2 . : 
I 

4-27• : 4-7; 
1 4-22 4-9 . : 4-25• I 
I I 
I I - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - -4�3·- - - - - - - - - - - - - - - -
I 4-14• 4-1 1 •  I 4-26• I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Low Moderate High 
Impact of Need 

4-1 1 Stimulation techniques 
4-12  Gas compression techniques 
4-1 3  Recompletion techniques 
4-14 Remote control and data analysis 
4-1 5  Compact processing on offshore platforms 
4-16  Modification of reservoir fluid mobilities 
4-1 7 Miscible contact/displacement 
4-1 8 Viscosity reduction of heavy oils 
4-1 9 In situ generation of foams/emulsions 
4-20 Thickeners for CC>.2 floods 
4-21 Microbial EOR processes 
4-22 High-velocity gas flow modeling 
4-23 Thermal processes 
4-24 Combustion processes 
4-25 Near well bore stimulation 
4-26 New directional drilling 
4-27 Advanced recovery of natural gas 

Likeli-
Impact hood 

3.2 2.9 
3.4 2.8 
3 .6 3 .0 
3.3 3.0 
3 .6 3 .1 
3.2 3.0 
2.7 2.8 
2.8 2.9 
3.2 2.6 
2.8 3 .1 
4 .3 2.2 
3.6 2.9 
3.8 2.3 
3 .4 2.2 
2.8 3.1 
3 .1 3.6 
2.9 3.5 
3.3 3.2 
2.7 3.5 
2.1 3.7 
1 .9 3.6 
2.7 2.8 
2.4 3.5 
1 .9 3 .4 
4.0 2.6 
4.0 2.1 
4.1 2.9 

n =  

37 
43 
48 
51 
48 
37 
35 
33 
35 
38 
53 
39 
50 
39 
25 
30 
25 
24 
20 
1 8  
14  
23 
22 
1 8  
49 
43 
39 
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Identification of Long-term R, D&D Targets 
- Production -

- al l  respondents -

I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I 
4-1 9  I 

I 4-22� I 
4-23=1 .4-20 

I 
4-1 S• I 

4-24• 21" 4-7 • : 4-12• 
4 1 4-1 8• . I • 4-1 - 4-1 0• 4 17 : 4-6 • - i4-1 5• 4-5 • 

4-8 • • 4-9 : 4-2 • 4-4 . I 

4-27• 1 I 
I 
I 
I 

I 4-3 . I 
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - 1 - - - - - - - - - - - - - - - - - -

Low 

4-1 4• 4-25 • I 
4-1 l• 4-1 1 • 

4-26• 

Moderate 

Impact of Need 
High 

4-1 Injection water treatment 
4-2 Produced water treatment 
4-3 Corrosion control 
4-4 Scaling inhibitors 
4-5 Paraffin control/removal 
4-6 Oil/water/gas/separation 
4-7 Beam pump analysis 
4-8 Gas lift analysis 
4-9 Submersible pump analysis 
4-1 0 Rod/tubing wear evaluation 
4-1 1 Stimulation techniques 
4-12 Gas compression techniques 
4-1 3 Recompletion techniques 
4-1 4  Remote control and data analysis 
4-1 5 Compact processing on offshore platforms 
4-1 6  Modification of reservoir fluid mobilities 
4-1 7 Miscible contact/displacement 
4-1 8  Viscosity reduction of heavy oils 
4-1 9 In situ generation of foams/emulsions 
4-20 Thickeners for CC>.l floods 
4-21 Microbial EOR processes 
4-22 High-velocity gas flow modeling 
4-23 Thermal processes 
4-24 Combustion processes 
4-25 Near well bore stimulation 
4-26 New directional drilling 
4-27 Advanced recovery of natural gas 

Llkell-
Impact hood 

2.4 2.9 
2.8 2.5 
2.9 2.4 
3 . 1  2 .5 
2.9 2.7 
2.7 2.8 
2.0 3.0 
1 .8 2.6 
2.0 2.6 
1 .9 2.8 
4.2 2.0 
2.8 3.0 
3.7 2.0 
2.1 2 .2 
2.6 2.7 
2.4 3.2 
2.2 2.9 
2.1 2 .9 
1 .6 3.2 
1 .7 3.2 
1 .6 3.0 
1 .6 3.2 
1 .6 3.2 
1 .4 3.0 
3.9 2.2 
3.2 1 .9 
3.6 2.8 

" "'  
35 
29 
25 
22 
24 
34 
27 
32 
27 
27 
21 
30 
1 8  
31 
36 
34 
38 
37 
37 
39 
40 
34 
36 
37 
1 9  
23 
28 
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Identification of Short-term R, D&D Targets 
- Deepwater Offshore -

- al l  respondents -

5-1 Produced fluid disposal 
5-2 Extended reach drilling or production 
5-3 Extended reach control systems 
5-4 High pressure systems 
5-5 Flowlines 
5-6 Flow metering 
5-7 Subsea equipment 
5-8 External corrosion protection 
5-9 Risers I 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -
�

- - - - - - - - - - - - - - - - - -
5-1 o ROV systems 1 I 

I I 

5-8 • 
5-1 3 • I 

I 
I 

5-9 • 
5-1 5 • 

I 5-1 0 · I 5-6 • 
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - s�· - ·-s-12 _ _ _ _ _ _ _ _ 

Low 

5-4 . 

Moderate 

Impact of Need 

5-5 • 
5-7 • 

5-1 " 5- 14 • 
5·35�1 h • 5-2 

High 

5-1 1 Drilling 
5-12 Workover 
5-1 3 Water/gas injection 
5-14 Hydrate prevention 
5-1 5 MuHi-phase pumps 
5-16 Structures 

Likell-
Impact hood n = 

4.0 1 .8 1 0  
4.3 1 .7 20 
4.0 1 .8 12  
3.2 1 .4 9 
4.3 2.2 1 2  
4.2 2.4 1 3  
4.2 2.1 1 5  
2.8 2.8 1 0  
4.2 2.7 14  
3.4 2.4 1 0  
4.2 1 .7 20 
4.1 2.3 1 1  
2.7 2.7 6 
4.3 1 .9 1 1  
4.3 2.6 1 1  
3.9 2.3 1 1  
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Identification of Long-term R, D&D Targets 
- Deepwater Offshore -

- al l  respondents -

- - - - - - - - - - - - - 5�13� - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

I 
I 
I 
I 
I 
I 
I iS-1 5 • 

5-8 . 
: 5-1 • 
I 

5
�
4 . 5-1 2• 

- - - - - - : - - - - - - - - - - - � -
�
:1_6_• _ _ _ _ !

�
-1 1 5-7 

: 
j j  J � - - -' - - - �  

5-1 o
[/ 

5_5 5�
· 5-2

\
5-9 

- - - - - - - - - - - - - - - - - -

5-e 5-14 a 

Low Moderate 

Impact of Need 
High 

5-1 Produced fluid disposal 
5-2 Extended reach drilling or production 
5-3 Extended reach control systems 
5-4 High pressure systems 
5-5 Flowlines 
5-6 Flow metering 
5-7 Subsea equipment 
5-8 External corrosion protection 
5-9 Risers 
5-1 0 ROV systems 
5-1 1 Drilling 
5-1 2 Workover 
5-1 3 Water/gas injection 
5-14 Hydrate prevention 
5-1 5 MuHI-phase pumps 
5-1 6  Structures 

Llkell-
Impact hood n •  

2.7 2.9 1 7  
3.1 2.2 1 3  
3.0 2.3 1 5  
2.5 2.6 1 5  
2.9 2.3 1 5  
2.6 2.3 1 5  
3.3 2.3 1 5  
2 . 1 2.8 12 
3.3 2.3 1 2  
2.5 2 .3 1 5  
3.0 2.4 1 3  
2.9 2.7 1 8  
2.3 3.6 1 8  
2.9 2.3 ' 16  
2.6 3.0 1 4  
2.7 2.4 1 4  
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Identification of Short-term R, D&D Targets 
- Arctic Region Activities -

- a l l  respondents -

i I 
I I 
! I 

- - - - - - - - - - - - - - - - - � - - - � - - - - - - - - - - - - S&k• - - - - - - - - - - - - - - - - -

6-1 • 

1 
I 
I 6�6 • 1 6-5 . • 6-3 

I 6·2 • 1  6-4 • 
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

Low Moderate 

Impact of Need 
High 

I 6-1 
6-2 
6-3 
6-4 
6-5 
6-6 
6-7 

Transportation 
Exploration 
Development 
Drilling 
Production 
Deepwater offshore activities 
Mobile ice 

Llkell-
Impact hood n =  

3.0 3.0 7 
3.6 2.4 7 
4.1 3.3 7 
4.2 2.4 1 0  
3.9 3.3 7 
3.8 3.4 5 
3.7 3.7 6 
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Identification of Long-term R, D&D Targets 
- Arctic Region Activities -

- al l  respondents -

I i I I I I 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - -

6
�
4 . 

- - - - - � - - -

I 
I 

6-5 • I 
I 
I 

6-6 • :6-1 • 
I :
6-7 • 6-2\ I 

• 6-31 

- - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

Low Moderate 

Impact of Need 
High 

6-1 1 6-2 
6-3 
6-4 
6-5 
6-6 
6-7 

Transportation 
Exploration 
Development 
Drilling 
Production 
Deepwater offshore activities 
Mobile ice 

Llkell-
Impact hood n =  

2.6 3.0 1 0  
3.2 2.6 1 1  
3.2 2.6 9 
2.5 3.5 12 
3.2 3.2 1 1  
2.1 3.0 1 0  
2.6 2.8 1 0  
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Identification of Short-term R, D&D Targets 
- Oi l  Processing and Refining -

- al l  respondents -

7-1 Catalysts with improved selectivities, 
yields, lifetimes 

i 7-2 Hydrogen production and recovery 
7-3 Plant and process reliability I 

I 7-4 Unconventional process technology I 
I 7-5 New materials of construction I 
I 7-6 Reactor engineering and modeling I 

7-22 • I 
I 7-7 Catalyst manufacturing technology I 7-8 Risk assessment methodology I 

7-1 4 • I 
I 7-9 Solid acid catalysts I I 

I I 7-1 0  Alternatives to olefin alkylation process 
- - - - - - - - - - - - - -�4-

�
- - - - - - - - - - - - - - - - - -

�
- - - - - - - - - - - - - - - - - - 7-1 1 Techniques for integration of environmental I 

I 
I 
I 
I 
I 
I 
I 
:7-6 • 
I 
:7-7 • 
I 
I 
I 
I 
I 

I 
I 
I 
I . 7-21 . 

7-2 • • 7-1 0 : 7-1 9 • 
I 

7-1 3  • 
7-"l4 • •  7-1 8  

I 
I 

7-9 • I 
I 
I 

7-5 . • •7-20: 7-12  1 
I 

7-1 6 . 
7-1 7 • 

7-3 • 
7-23 • 

- - - - - - - - - - - - - - - - -
�
- - - - - - - -7�0-. - - - - -

�
- -r-28·- - - - - - - - - - - -

: 7-8 • I 7-27 • 
7-1 1 :· I 

I I 7-1 • 
I I 
I 7-

2
5 • • 7-26 I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

Low Moderate High 
Impact of Need 

solutions Into process and plant design 
7-1 2  Improved on-line NDE inspection technology 
7-1 3  Predicting useful remaining lifetimes 

of aging equipment 
7-14  Robotics for safety applications 
7-1 5  Worker safety systems 
7-1 6  Energy efficiency of processes 
7-1 7  Energy efficiency of equipment 
7-1 8  Energy efficiency of separations 
7-1 9 Separations technologies 
7-20 Determining chemical composition of 

crudes, refinery intermediates, and products 
7-21 New approaches to refining heavy feeds 
7-22 Processing synthetic fuels 
7-23 Conversion of methane to liquid fuels 
7-24 Relating chemical compositions to process 

and product performance 
7-25 Advanced computational modeling of 

processes/reactions 
7-26 Advanced control and information systems 
7-27 Performance characteristics of new 

hydrocarbon fuel compositions 
7-28 Environmental characteristics of new 

hydrocarbon fuel compositions 

Llkell-
Impact hood n =  

4.4 2.0 22 

3.0 3.3 16 
4.1 2.6 1 9  
2.3 3.7 3 
3.0 2.6 5 
2.6 3.0 1 0  
2.6 2.8 1 0  
2.7 2.2 21 
3.4 2.8 9 
3.3 3.3 8 
3.7 2.1 1 7  

3.2 2.6 17  
3.1 3.0 16 

2.5 4.0 4 
3.2 2.3 21 
4.2 2.8 21 
4.2 2.7 1 9  
3.9 3.1 1 8  
4.1 3.3 14 
3.4 2.6 14 

4.4 3.4 10  
3.0 4.3 3 
4.5 2.5 4 
3.8 3.1 15 

3.8 1 .8 15 

4.0 1 .8 20 
4.2 2.2 10  

4.1 2.3 14 
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Identification of Long-term R, D&D Targets 
- Oi l  Processing and Refining -

- al l  respondents -

7-1 Catalysts with improved selectivities , 
yields, lifetimes 

7-2 Hydrogen production and recovery 
7-3 Plant and process reliability 
7-4 Unconventional process technology 
7-5 New materials of construction 
7-6 Reactor engineering and modeling 
7-7 Catalyst manufacturing technology 
7-8 Risk assessment methodology 
7-9 Solid acid catalysts 

I 7-1 0 Alternatives to olefin alkylation process 
- - - - - - - - - - - - - - - - -

�
- - - - - - - - - - - - - - - - - -

�
- - - - - - - - - - - - - - - - - - 7-1 1 Techniques for Integration of environmental 

7-23 • 
7-22 • 7-4 • 

7-1 0 •  
7-14 •  

7-1 3 •  
7-20 • 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 7•1 7 I "· 7-21
:
• 

7-24/ I 
I : 

• 7-16 
7•5 • I 

- - - - - - - - - '7-T• - - - � - - - pJ·  • -•7·2- - - - - - -
-'
- - - - - - - - - - - - - - - - - -

Low 

7-61 • 7-1 1 • � 7-1 9 •  
7-1 2 •  7-25 • 7- 8 7-1 5  • 7-8 

7-27• 7-3 . 
7-28 • 

7-26 • 

Moderate 

Impact of Need 

7-1 • 

High 

solutions into process and plant design · 

7-12  Improved on-line NDE Inspection technology 
7-1 3 Predicting useful remaining lifetimes 

of aging equipment 
7-14 Robotics for safety applications 
7-1 5 Worker safety systems 
7-16  Energy efficiency of processes 
7-1 7 Energy efficiency of equipment 
7-1 8 Energy efficiency of separations 
7-1 9 Separations technologies 
7-20 Determining chemical composition of 

crudes, refinery Intermediates, and products 
7-21 New approaches to refining heavy feeds 
7-22 Processing synthetic fuels 
7-23 Conversion of methane to liquid fuels 
7-24 Relating chemical compositions to process 

and product performance 
7-25 Advanced computational modeling of 

processes/reactions 
7-26 Advanced control and Information systems 
7-27 Performance characteristics of new 

hydrocarbon fuel compositions 
7-28 Environmental characteristics of new 

hydrocarbon fuel compositions 

Llkell-
Impact hood n =  

4.0 1 .6 1 4  

2.9 2.3 1 9  
3.4 1 .9 1 7  
2.2 3.3 24 
2.6 2.4 25 
2.4 2.2 20 
2.0 2.3 20 
2.5 2.0 1 4  
2.8 2.3 20 
2.2 2.9 22 
2.9 2.2 1 8  

2.2 2.1 1 3  
2.2 2.7 1 3  

1 .4 2.8 20 
2.3 2.0 1 2  
3.8 2.5 1 5  
3.3 2.8 1 6  
3.1 2.2 1 8  
3.5 2.2 21 
2.2 2.6 16  

3.7 2.8 21 
1 .6 3.3 24 
2.0 3.4 25 
3.3 2.8 1 6  

2.9 2.1 1 7  

3.3 1 .5 1 3  
2.8 1 .9 1 8  

3.0 1 .8 16  
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Identification of Short-term R, D&D Targets 
- Gas Processing -

- a l l  respondents -

,.....------�------�------., 8-1 

I 
I 
I 
I 
I 

8-6 • : 8-1 • •  8-4, 
I I 
I I 
I I 8•8 - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - -
1 
I 
I 
I 
I 

8
!
7 • 

I 
I 

I 

8-5 • 
8-2 • 

8-3 • 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - 4 - - - - - - - - - - - - - - - - - -
l 

Low Moderate 

Impact of Need 
High 

8-2 
8-3 
8-4 
8-5 
8-6 
8-7 
8-8 

Gas dehydration 
Acid gas removal 
11zS scavenger technology 
Natural gas liquid separation 
Nitrogen separation 
Trace constituent (arsenic, Hg, etc.) removal 
Sulfur recovery 
Separation of high concentrations of 
impurities (nitrogen, CD.!, 1-1.28 . . .  ) 

Likell-
lmpact hood 

3.3 4.0 
3.5 3.3 
3 .1 3 .2 
3.4 4.0 
3.0 3.4 
2.2 4.0 
2.5 3.2 
3.7 3.7 

n =  
21 
25 
23 
1 8  
1 7  
1 0  
1 3  
23 
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Identification of Long-term R, D&D Targets 
- Gas Processing-

- a l l  respondents -

i I 
I I 

! I 

8-6 . I I 
I . 

- - - - - - - - - - - - - - - - ; - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - -

8-4 • 
I 

- - - - - -

8-7 .  
8-5 . 

8-3 • 

1 
I 
I 8·1

· 
I 
: 8-8 . 
I 
I 
I 
I 

6-2 • 
I 
I 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

Low Moderate 

Impact of Need 
High 

8-1 I 8-2 
8-3 
8-4 
8-5 
8-6 
8-7 

I 8-8 

Gas dehydration 
Acid gas removal 
H� scavenger technology 
Natural gas liquid separation 
Nitrogen separation 
Trace constituent (arsenic, Hg, etc.) removal 
Sulfur recovery 
Separation of high concentrations of 
impurities (nitrogen, co.z , H.zS . . .  ) 

Llkeli-
Impact hood n =  

2.6 3.2 26 
2.5 2.6 1 8  
2.2 2.8 22 
2.3 3.4 27 
2.0 3.1 24 
1 .5 4.0 27 
1 .8 3.3 26 
2.7 3.0 21 
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Identification of Short-term R, D&D Targets 
- Gas Gathering -

I 

- al l  respondents -

9-1 Compression 
9-2 Leak detection 
9-3 Plastic pipe (higher pressure rating) 
9-4 High pressure measurement 
9-5 Multi-phase metering 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

1 I 
I I 
I I 

9-2• 

9-4 • 

I 
I 
I 
I 9-So• I 
I 
I 

9-3 • :  
9-1 • 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

Low Moderate 

Impact of Need 

1 
I 

High 

Likell-
lmpact hood n = 

4.2 2.9 30 
3 .1 3 .0 23 
3.6 2.8 20 
3.0 2.5 1 3  
3.7 3.1 1 9  
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Identification of Long-term R, D&D Targets 
- Gas Gathering -
- al l  respondents -

9-1 Compression 
9-2 Leak detection 
9-3 Plastic pipe (higher pressure rating) 
9-4 High pressure measurement 
9-5 Multi-phase metering 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -
1 
I 
I 
I 
I 
I 
I � · 
I 
I 

9-4 • 9-3 � 9-1 • 
9·2 • I 

I 
I 
I 
I I 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

Low Moderate 

Impact of Need 
High 

Llkell-
lmpact hood n = 

2.9 2.8 1 9  
2.0 2.7 1 8  
2.3 2.8 1 9  
2.0 2.8 28 
2.4 3.1 24 
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Identification of Short-term R, D&D Targets 
- . Gas Storage -
- a l l  respondents -

1 1 0-1 Well deliverability restoration i I 1 0-2 Leak detection and mitigation I I 
I I 1 0-3 Reservoir management 

1 0-4 Gas migration control 
1 0-5 Base gas minimization techniques 
1 0-6 Inert base gas research 
1 0-7 Unconventional development techniques 

I 
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

1 
I 
I 1 0-6 . • I  

1 0-4 . 

I 
: 1 0-5 • I 
I 
I 
I 10-7 . 
I 

1 0-2 :• 1 0-3 • 
- - - -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  i - - - - - - - - - - - - - -

Low Moderate 

Impact of Need 

1
0-1 • 

High 

Likell-
Impact hood 

3.9 2.1 
3.7 2.6 
4.1 2.5 
3.4 3.0 
4.0 3.2 
3.4 3.4 
3.9 2.8 

n = 
1 3  
9 

1 1  
9 
9 
5 
9 
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Identification of Long-term R, D&D Targets 
- Gas Storage -
- a l l  respondents -

.c: I i I C) I I :f I I 

I 
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

� Iii 

1 I 
I I 
I I 
I I 
I I 
I 

"C 
o 1 1

d
-4 • � I 

I 

1 0-5
� 

I I - - - - - - - - - , o�· - - - � - - - - - - - - - - - ,o-�-- - - � - - - - - - - - - - - - - - - - - -

§ ..J 
Low 

1 1 0-1 • �
0-2 • 

1 0-7 • 

Moderate 

Impact of Need 
High 

I 1 0-1 Well deliverability restoration 
1 0-2 Leak detection and mitigation 
1 0-3 Reservoir management 
1 0-4 Gas migration control 
1 0-5 Base gas minimization techniques 
1 0-6 Inert base gas research 
1 0-7 Unconventional development techniques 

Like I I-
Impact hood n =  

3.2 2.2 1 0  
2.6 2.1 1 1  
3 .4 2.3 9 
2.5 2.8 1 2  
2.3 2.5 8 
2.0 2.3 1 4 
3.0 1 .8 12  
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Identification of Short-term R, D&D Targets 
-Environmental and Regulatory -

- a l l  respondents -

Likell-
lmpact hood n = 

1 1 -1 Disposal methods for drilling fluids 3.4 2.8 46 
1 1 -2 Treatment and disposal of produced fluids 3.7 2.9 43 
1 1 -3 Screening procedures for injection wells 2.8 2.6 27 
1 1 -4 Risk and reclamation analysis of 3.3 2.8 41 

disposal methods 
1 1 -5 Leak detection 3.4 2.2 40 
1 1 -6 Hydrological modeling 2.8 2.4 1 9  
1 1 -7 Compliance with CAAA stationary 3. 7 2.5 48 

, , source issue 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 1 -8 Advanced computation models to predict 3.0 2.6 28 ' : dispersion, transformation, and fate of air 

: pollutants : 
1 1 -9 Model transport and remediation of 3.5 2.5 31 

1 1 _1 
: contaminants in ground water and soils 

1 1 -4 : 
1 1 1 - 10  Effluent and emission monitoring, 3.6 2.5 43 '1. / :• 1 -2 minimization , and control 

1 1 -1 3 • 1 1 -1 1 - • •1 1
�
1 2  1 1 _1 5  1 1 -1 1 Recycling of waste and byproduct streams 3.3 2.7 29 

1 1 -3 • 1 1
�
8 1 1 _9 •  • :•1 1 -7 1 1 -12  Remediation technology 3.5 2.7 39 

1 1 -6 • 1 1:1'0: 1 1 - 14 • 1 1 -1 3 Catalyst recycling 2.9 2.7 1 9  
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - .. - - - - - - - - - - - - - - - - - - 1 1 -14 Provide scientific basis for risk-based 4.3 2.4 49 

I 1 1 -5 • I 

Low 

, ' regulation 
I I , ' • 1 1 -1 5 NORM d1sposal 3.4 2.7 44 
I ' 

Moderate 

Impact of Need 
High 
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Identification of Long-term R, D&D Targets 
-Environmental and Regulatory -

- a l l  respondents -

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -
1 

1 1 -1 3 •  

1 1 -4 • 1 1 -3 .  
.i
1 1 -1 1 1 1 -8 • 1 1 -5: • 1 1 -2 • 

I 
1 1 -6 . 1 1 -1 5 at  1 1 -7 • • 1 1 -1 0 I 

1 1 -9 • : 1 1 -12• I - - - - - - - - - - - - - - - - - 1·1-l- .- - - , ,  =t�r • - - - - - .J - - - - - - - - - - - - - - - - - -

Low Moderate 

Impact of Need 
High 

1 1 -1 Disposal methods for drilling fluids 
1 1 -2 Treatment and disposal of produced fluids 
1 1 -3 Screening procedures for injection wells 
1 1 -4 Risk and reclamation analysis of 

disposal methods 
1 1 -5 Leak detection 
1 1 -6 Hydrological modeling 
1 1 -7 Compliance with CAAA stationary 

source issue 
1 1 -8 Advanced computation models to predict 

dispersion, transformation, and fate of air 
pollutants 

1 1 -9 Model transport and remediation of 
contaminants in ground water and soils 

1 1 -1 0 Effluent and emission monitoring, 
minimization, and control 

1 1 -1 1 Recycling of waste and byproduct streams 
1 1 -12 Remediation technology 
1 1 - 1 3 Catalyst recycling 
1 1 -14 Provide scientific basis for risk-based 

regulation 
1 1 -1 5 NORM disposal 

Likeli-
Impact hood n =  

2.6 2.3 29 
2.9 2.7 30 
2.1 2.8 38 
2.0 2.9 28 

2.4 2.7 37 
1 .6 2.5 48 
2.7 2.5 30 

1 .7 2.7 43 

1 .9 2.4 41 

2.8 2.5 35 

2.3 2.8 43 
2.8 2.4 41 
1 .7 3.2 49 
3.2 2.3 35 

2.3 2.5 27 
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Identification of S hort-term R, D&D Targets 
- Exploration -

- majors -

I 
- - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - -

1 - 16•  

1 -7 • 1 -1 0• 
I 

1 
I 
I 
I 
I 
I 
I 
I 

1 -1 · : 

- - - - - - - - - - - - - - - - - 4 - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

1 -8 . 

Low 

l I 

1 -2 • 
I 

I 
I 

1 -5 • 1 -9 • 
: 
I 

11 -1 5 •  
l 1

-14• 
1 -12• I 

I 

1 -1 1 •  
1 -6 • 

I 
I 
I 
I 
I 
I 

1 -4 • I 

Moderate 

I mpact of Need 

� - 13  • 

1 -3 . 

High 

1 -1 30 Basin modeling 
1 -2 Risk assessment methods 
1 -3 High-resolution seismic depth imaging 
1 -4 Specialized seismic processing 
1 -5 Sequence stratigraphy techniques 
1 -6 Workstation seismic modeling 
1 -7 Geochemical analysis 
1 -8 Airborne/satellite remote sensing 
1 -9 Fault seal analysis 
1 -1 0  Multi-component seismic techniques 
1 -1 1  30 Paleostructural restoration 
1 -12 Amplitude versus offset (AVO) in 30 
1 -1 3  30 Visualization tools 
1 -14  Advanced seismic acquisition 
1 - 1 5  Geographic information systems 
1 - 16 Geophysical fracture-detection methods 

Llkell-
Impact hood n =  

3.6 3.0 1 0  
2.8 1 .9 1 1  
4.7 2.0 14 
3.5 1 .2 12  
3.3 2.0 14 
3.0 1 .3 14 
2 . 1  2.5 1 3  
1 .8 2.0 8 
3.6 2.0 14 
3.3 2.5 8 
3.2 1 .4 1 1  
3.9 1 .7 1 5  
4.0 1 . 1 14 
4.2 1 .8 12 
2.6 1 .7 9 
3 .2 3.2 1 1  
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Identification of Long-term R, D&D Targets 
� Exploration -

I 
I 
I 
I 

- majors -

I 
I 

I 
I 

_ _ _ _ _  J:� JL _ _ _ _ _ _ _  J - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

1 - 16 1 -9 . 1 -
:
1 0• • • 1 -7 

I 
- - - - - 1:8 ·- - - - - - - - i - - - - - - - - - - - - - - - - - - i - - - - - - - - - - - - - - - - - -

Low 

l 
1 -1 1 1 1 - 1 5 

1 -1 • '{_/ 1 - 14• 
• 

1 -6 • 1 -5 • : 
I 
I 

1 -4 
: 

• I 

Moderate 

Impact of Need 

1 -3 • 

1 -1 3  1 - 12
1 

• • 
High 

1 -1 30 Basin modeling 
1 -2 Risk assessment methods 
1 -3 High-resolution seismic depth imaging 
1 -4 Specialized seismic processing 
1 -5 Sequence stratigraphy techniques 
1 -6 Workstation seismic modeling 
1 -7 Geochemical analysis 
1 -8 Airborne/satellite remote sensing 
1 -9 Fault seal analysis 
1 - 10  Multi-component seismic techniques 
1-1 1 30 Paleostructural restoration 
1 - 12 Amplitude versus offset (AVO) in 30 
1 - 1 3  30 Visualization tools 
1 - 14  Advanced seismic acquisition 
1 - 1 5 Geographic information systems 
1 - 16 Geophysical fracture-detection methods 

Llkeli-
Impact hood n =  

2.0 2.0 6 
1 .7 3.7 3 
4.5 1 .5 8 
3.5 1 .0 8 
3.4 1 .4 5 
3.0 1 .5 4 
3.0 2.5 4 
1 .7 2.3 9 
3.4 2.6 5 
2.5 2.5 1 2  
2.4 1 .9 7 
5.0 1 .0 1 
4.2 1 .0 5 
3.3 2.0 6 
2.4 1 .9 7 
2.8 2.5 8 
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Identification of Short-term R, D&D Targets 
- Development -

- majors -

I - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

2-21 � 

2-1 0•  2-29• 
2-8 • 

I 
2-2q• 

I 
2-16• :· 2-27 

I 
I 
I 

I I 
2·1 9 • i2- 18• 2•1 • I 

2-32• �2-34 2-1 1 :• 
2•1 3 • I 2·14• I 

2-1 5• 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - 2;�1� - - � - - - - - - - - - - - - - - - - - -

l 2-33\ 2-25 . 

Low 

2-4 • 
2·9, • �· I 2•3 • 

1 2•7 2-3d• 
I 2-23• 2-12• I 

2-S: . 2-1 7• .  2i6 • 
2•26• I \ : 2-22 2-2 • 

I 
2-24� •2-28 

Moderate 

Impact of Need 
High 

2-1 
2-2 
2-3 
2-4 
2-5 
2-6 
2-7 
2-8 
2-9 
2-1 0 
2-1 1 
2-1 2  
2-1 3  
2-1 4 
2-1 5  
2-1 6  
2-1 7 
2-1 8 
2-1 9  
2-20 
2-21 
2-22 
2-23 
2-24 
2-25 
2-26 
2-27 
2-28 
2-29 
2-30 
2-31 
2-32 
2-33 
2-34 

Advanced reservoir analog models 
Computer-based 3-D geological modeling 
Development-scale seismic applications 
Tracers (biologic/chemicaVradioactive) 
Core analysis/imaging 
Geostatistical reservoir descriptions 
Outcrop analog studies 
Fluid-rock interaction 
Rock physics 
Cross-well geophysical imaging 
Advanced attribute processing 
Seismic/log/core calibration 
Cuttings analysis 
Reservoir property identification 
Through casing Jogging 
Deep investigation techniques 
High resolution borehole imaging Jogs 
Specialized core analysis 
Characterization of rock wettability 
Permeability Jogging techniques 
Tracer techniques 
CT scanning and NMR imaging 
Formation water chemistry 
Fluid sampling and analysis 
Advanced reservoir simulation modeling 
Workstation s ingle well simulations 
Procedures for data scale-up 
Expert systems applications 
Time lapse seismic imaging 
Advanced monitoring of EOR processes 
Advanced well testing and interpretation 
Material balance applications 
Decision and risk analysis 
Expendable well bore instrumentation 

Llkell­
lmpact hood n == 

3 .0 
4 .1 
4 .5 
2.0 
2.4 
3.8 
2.8 
3.0 
2.4 
3.0 
3.7 
3.5 
2.2 
3 .4 
4.3 
3.5 
3.2 
2.6 
2.2 
3.7 
2.3 
3.3 
2.7 
2.3 
3.9 
2.2 
3.7 
2.6 
2.8 
3.7 
3.4 
2.0 
2.8 
2.3 

2.6 
1 .6 
2.1 
2.0 
1 .8 
1 .8 
2.1 
3.2 
2.1 
3 .4 
2.5 
1 .9 
2.4 
2.4 
2.7 
3.0 
1 .8 
2.6 
2.6 
3.5 
3.0 
1 .8 
1 .9 
1 .4 
2.2 
1 .7 
3.0 
1 .4 
3.3 
2.0 
2.3 
2.5 
2.1 
2.5 

9 
1 3  
1 3  
8 

1 0  
1 2  
9 

1 2  
7 
9 

1 2  
1 3  
1 0  
1 0  
1 4  
1 1  
1 2  
9 
5 

1 1  
8 
8 
7 
9 

1 3  
12  
12 
5 
8 
6 

1 1  
8 
9 
8 
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Identification of Long-term R, D&D Targets 
- Development -

- majors -

• 2-32 I 
- - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - -

• 2-21 
• 2-1 3 

2-22• 
2-8 . 

2-23• 
2-4 • 

2 20• 2-1 9• 2-Q •2-29• 2-34• I 2-31 • 
I 2-28• I 
I 2-30• 

2-1 1 • • :2-1 6  
I 

•2-12  I 
I • 2-1 0  I - - - - - - - - - - - - - - - - - �-33�-- - - 2=t�- - - - - - � - - - - - - - - - - - - - - - - - -

I \ I 

Low 

2-24• 2-7 Ill 2-5 •2-27 I 
2
4
1 8• •2-1 7 : 

I 
I 
I 
I 

2-6 • : 
I 

2-1 . I 
2-25• : 2-1 5• 

2-26 I 2-2 I 
• I • 

Moderate 

Impact of Need 

2-3 . 

High 

2-1 Advanced reservoir analog models 
2-2 Computer-based 3-D geological modeling 
2-3 Development-scale seismic applications 
2-4 Tracers (biologic/chemical/radioactive) 
2-5 Core analysis/imaging 
2-6 Geostatistical reservoir descriptions 
2-7 Outcrop analog studies 
2-8 Fluid-rock interaction 
2-9 Rock physics 
2-1 0  Cross-well geophysical imaging 
2-1 1 Advanced attribute processing 
2-12  Seismic/log/core calibration 
2-1 3 Cuttings analysis 
2-14  Reservoir property Identification 
2-1 5 Through casing logging 
2-16  Deep Investigation techniques 
2-1 7  High resolution borehole imaging logs 
2-1 8  Specialized core analysis 
2-1 9 Characterization of rock wettability 
2-20 Permeability logging techniques 
2-21 Tracer techniques 
2-22 CT scanning and NMR imaging 
2-23 Formation water chemistry 
2-24 Fluid sampling and analysis 
2-25 Advanced reservoir simulation modeling 
2-26 Workstation single well simulations 
2-27 Procedures for data scale-up 
2-28 Expert systems applications 
2-29 Time lapse seismic imaging 
2-30 Advanced monitoring of EOR processes 
2-31 Advanced well testing and interpretation 
2-32 Material balance applications 
2-33 Decision and risk analysis 
2-34 Expendable well bore instrumentation 

Llkell-
Impact hood n =  
2.8 1 .4 9 
4.1 1 .0 7 
4.8 1 .5 8 
1 .4 2.6 9 
2.7 2.3 6 
3.6 1 .6 7 
2.3 2.1 9 
2.7 3.0 6 
2.4 2.7 1 3  
3.2 2.4 1 0  
3.3 2.7 7 
3.0 2.5 4 
1 .3 3.3 6 
3.2 2.3 9 
4.0 1 .3 6 
3.6 2.7 7 
2.7 2.0 6 
2.5 2.0 10  
2.0 2.7 12  
2.5 2.8 8 
1 .5 3 .4 1 1  
2.1 3.2 9 
1 .7 2.8 10 
1 .7 2.1 9 
3.5 1 .3 8 
1 .9 1 .0 7 
3.0 2.1 9 
2 .8 2.5 1 3  
2.7 2.7 12 
2.9 2.4 14 
2.8 2.6 9 
1 .3 3.8 8 
2.6 2.3 9 
2.1 2.6 1 1  
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Identification of Short-term R, D&D Targets 
- Dri l l ing and Completion -

- majors -

I 
- - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - -

3-6 • 
3-4 . • 3-1 3  

I I - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - 3:6· - � - - - - - - - - 3:3 • - - - - - ­

l 

Low 

3-1 0 . • 3-12 . 
I 

3-2 . I 3-7 . 

I 
I 

3-9 . 

3-1 1 •  3-8 • : 3-1 . 

Moderate 

Impact of Need 
High 

3-1 Horizontal well bore applications 
3-2 Drilling fluid design 
3-3 Advanced fracture techniques 
3-4 Cementing 
3-5 Perforating and well bore cleanup 
3-6 Well productivity 
3-7 Multilateral technology 
3-8 Innovative bit and tubular technology 
3-9 Slim hole drilling 
3-1 0 Under balanced drilling 
3-1 1 Measurements while drilling 
3-12  Coiled tubing drilling 
3-1 3 Unconventional drilling technology 

Likell-
Impact hood n =  

4.0 1 .4 14  
3.2 1 .9 1 1  
4.5 2.3 1 1  
2.6 3 .0 1 1  
3.5 2.3 12  
4.6 3.2 1 0  
4.1 1 .9 1 3  
3.6 1 .4 1 0  
4.2 1 .8 12 
3.0 2.1 1 1  
3.0 1 .4 9 
3.2 2.1 1 1  
3.9 3.0 7 
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Identification of Long-term R, D&D Targets 
- Dri l l ing and Completion -

I 
I 
I 

- majors -

- - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - -
1 
I 
I 
I 
I 
I 
I 
I 

3-
4:

. 3-1 3 •  

3-5 • 

I 

3-6 • 

- - - - - - - - - - - - - - - - - ; - - - - - - - - -3-3 -. - - - - - ; - - - - - - - - - - - - - - - - - -

Low 

3-2 • 

3-1 0• 

3-1 1 
"· 3-8/ 
3-9 • 

Moderate 

Impact of Need 

3- 12• 
3-1 • 

3-7 
• 

High 

3-1 Horizontal well bore applications 
3-2 Drilling fluid design 
3-3 Advanced fracture techniques 
3-4 Cementing 
3-5 Perforating and well bore cleanup 
3-6 Well productivity 
3-7 Multilateral technology 
3-8 Innovative bit and tubular technology 
3-9 Slim hole drilling 
3-1 0 Under balanced drilling 
3-1 1 Measurements while drilling 
3-1 2  Coiled tubing drilling 
3-1 3  Unconventional drilling technology 

Like II-
Impact hood n = 

4.1 1 .3 7 
2.7 1 .6 7 
3.2 2 .3 9 
2.4 3.0 7 
3.0 2.7 6 
4.0 2.8 10  
4.3 1 .0 7 
3.3 1 .6 7 
3.4 1 .4 9 
3.3 2.0 8 
3.3 1 .6 7 
4.0 1 .5 8 
2.8 3.0 12 
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Identification of Short-term R, D&D Targets 
� Production -

- majors -

4-16•  
4•21 I 
- - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

4-22• 

4-1 9• 1 I • 4·1 8 I 
I • I  4-1 0• I . 4-20 4-3 • I I 4-1 • 4-6• • 1• 4-1 7  : 4-4 • • 4-5 4-1 5 : 

4-24� 4-23• : • 4-27 
I I 
I 4•12• I 
: 4-2 . • 4

1
25 

1 4-8 • I 
I 
I 4-1 3• 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - -

4-7 • 

Low 

1 4-9 • 
4-14• 

: 
: 4-1 1 • 
I 

4-¥6• 

Moderate 

Impact of Need 
High 

4-1 
4-2 
4-3 
4-4 
4-5 
4-6 
4-7 
4-8 
4-9 
4-1 0 
4-1 1 
4-1 2  
4-1 3  
4-1 4  
4-1 5 
4-1 6  
4-1 7 
4-1 8 
4-1 9 
4-20 
4-21 
4-22 
4-23 
4-24 
4-25 
4-26 
4-27 

Injection water treatment 
Produced water treatment 
Corrosion control 
Scaling inhibitors 
Paraffin controVremoval 
Oil/water/gas/separation 
Beam pump analysis 
Gas lift analysis 
Submersible pump analysis 
Rod/tubing wear evaluation 
Stimulation techniques 
Gas compression techniques 
Recompletion techniques 
Remote control and data analysis 
Compact processing on offshore platforms 
Modification of reservoir fluid mobilities 
Miscible contact/displacement 
Viscosity reduction of heavy oils 
In situ generation of foarns/emulsions 
Thickeners for C� floods 
Microbial EOR processes 
High-velocity gas flow modeling 
Thermal processes 
Combustion processes 
Near well bore stimulation 
New directional drilling 
Advanced recovery of natural gas 

Llkell-
lmpact hood 

3.0 3.2 
3.2 2.7 
3.3 3.3 
2.7 3.1 
2.9 3.1 
3.3 3.2 
1 .9 2.1 
2.6 2.6 
2.8 2.2 
2.1 3.3 
4.0 2.0 
2.8 2.8 
3 . 1 2.4 
3.5 2.1 
3.5 3.2 
3.4 3.9 
3.7 3.2 
3.8 3.5 
3.3 3 .5 
2.4 3.3 
1 .0 3.7 
1 .6 2.4 
2.8 3.0 
2.3 3.0 
3.5 2.7 
3.8 1 .8 
3.9 3.0 

" "'  
1 1  
1 3  
1 4  
1 4  
14  
1 2  
9 

1 0  
1 0  
1 3  
1 4  
1 1  
1 4  
1 3  
1 1  
9 
9 
8 
8 
7 
3 
7 
9 
6 

1 5 
1 3  
1 3  
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Identification of Long-term R, D&D Targets 
- Production -

- majors -

I 
- - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

I 
I 
I 
I 
•4-23 

4-1 9• : . • 4-16 
4-22 4-1 8� 4 21 • I 4•1 - ' 4-2oY 1 4-12 

4-7 . I 4-4· • •  / 4-27• 
4-24 . : " 4-1 7  4-25• 
4-1 0 . : 4-5 , 4-8 . I ;• 

4-9 • 4-6 • 4-3 - - - - - - - - - - - - - - - - - --: - - - - - - - - - - - - - - - - - - .• 4.:"f5- - - - - - - - - - - - - -
I I 
I 4-1 4 • • 4-2 : I 
I I 
I I 
I I 
I I 
I 4-1 1 • I 4-1 3 • I 
I I 
I I 
I I 
I I 
I I 
I 4-26 • I 

Low Moderate High 
Impact of Need 

4-1 Injection water treatment 
4-2 Produced water treatment 
4-3 Corrosion control 
4-4 Scaling inhibitors 
4-5 Paraffin controVremoval 
4-6 Oil/water/gas/separation 
4-7 Beam pump analysis 
4-8 Gas lift analysis 
4-9 Submersible pump analysis 
4-1 0 Rod/tubing wear evaluation 
4-1 1 Stimulation techniques 
4-12 Gas compression techniques 
4-1 3 Recompletion techniques 
4-14 Remote control and data analysis 
4-1 5 Compact processing on offshore platforms 
4-16 Modification of reseNoir fluid mobilities 
4-17 Miscible contact/displacement 
4-1 8 Viscosity reduction of heavy oils 
4-19 In situ generation of foams/emulsions 
4-20 Thickeners for COz floods 
4-21 Microbial EOR processes 
4-22 High-velocity gas flow modeling 
4-23 Thermal processes 
4-24 Combustion processes 
4-25 Near well bore stimulation 
4-26 New directional drilling 
4-27 Advanced recovery of natural gas 

Llkell-
Impact hood n =  

2.7 2.8 1 3  
3.4 2.1 1 1  
3.0 2.4 1 0  
2.6 2.8 9 
2.8 2.5 8 
2.8 2.5 12  
1 .7 2.8 9 
2.1 2.5 1 1  
2.4 2.4 1 0  
1 .7 2.6 9 
3.9 1 .7 9 
2.8 2.8 1 1  
3.3 1 .6 7 
3.2 2.1 1 1  
3.7 2.3 12  
2.7 3.2 12 
2.8 2.8 1 3  
2.5 3.0 12 
2.1 3.2 1 1  
2.5 3.0 1 1  
1 .6 3.0 14 
1 .0 3.0 10  
2.4 3.2 1 0  
1 .7 2.7 12 
4.1 2.7 7 
3.4 1 .2 9 
4.1 2.8 9 
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Identification of Short-term R, D&D Targets 
- Deepwater Offshore -

- majors -

I 
- - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - -

I 
I 
' 5-8 . 

5-1 0 • 

5-1 5 •  
5-1 6 • 

5-1 2:• 5-9 • • 5-7 
I 5-5 • 
I 
I 

I I 
- - - - - - - - - - - - - - - - - ; - - - - - - - - - - - - - - - - - - � - - - - - 5� ·- - - - - - - - -

Low 

l I 

: 5-3 . : 5-1 h 
I I 5-2 • 5-1 4 • 
: 5-1 • ' 
I 

5-1 3 �  
5-4 . 

Moderate 

Impact of Need 
High 

5-1 Produced fluid disposal 
5�2 Extended reach drilling or production 
5-3 Extended reach control systems 
5-4 High pressure systems 
5-5 Flowlines 
5-6 Flow metering 
5-7 Subsea equipment 
5-8 External corrosion protection 
5-9 Risers 
5-1 0 ROV systems 
5-1 1 Drilling 
5-1 2  Workover 
5-1 3 Water/gas injection 
5-1 4  Hydrate prevention 
5-1 5 Multi-phase pumps 
5-1 6  Structures 

Llkell-
Impact hood n =  

3.6 1 .9 7 
4.1 2 .0 10 
3 .3 2 . 1  7 
3.0 1 .5 4 
4.2 2.6 5 
4.3 2.3 6 
4.3 2.7 6 
2.6 3.4 5 
4.1 2 .7 7 
3.0 3.0 5 
4.1 2.1 9 
3.7 2.7 6 
2.3 1 .7 3 
4.7 2.0 6 
4.0 3.5 4 
3.4 3.4 5 
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Identification of Long-term R, D&D Targets 
- Deepwater Offshore -

- majors -

5-1 Produced fluid disposal 
5-2 Extended reach drilling or production 
5-3 Extended reach control systems 
5-4 High pressure systems 
5-5 Flowlines 
5-6 Flow metering 
5-7 Subsea equipment 
5-8 External corrosion protection 
5-9 Risers I 

- - - - - - i - - - - - - - - - - - - - - - - - -�=!�� - - - - - - - - - - - -- - - - - - - - - - - - - : 5-1 0 ROV systerns 
5-1 1 Drilling 

Low 

I 
I 

• 5-4 � 5•8 
5-1 5 . I 

I 

s-6 • s-1 1 • 5-1 2  : 
I 

5-1 • 5-;7 • 

Moderate 

Impact of Need 

5-12 Workover 
5-1 3  Water/gas injection 
5-14 Hydrate prevention 
5-1 5 Multi-phase pumps 
5-1 6 Structures 

High 

Llkell-
Impact hood n =  

3.3 2.7 6 
3.3 2.5 4 
3.0 2.3 6 
2.3 3.3 8 
3.5 2.3 8 
2.7 3.0 6 
3.8 2.8 8 
2.7 3.3 6 
4.0 2.5 8 
2.8 2.6 9 
3.0 3.0 4 
3.3 3.0 8 
2.3 3.7 9 
3.8 2.5 8 
3.0 3.2 9 
2.7 2.4 7 
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Identification of Short-term R, D&D Targets 
- Arctic Region Activities -

- majors -

6-7 . 

I 
- - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - -

I 

• 6-1 • 6-6 

6-5 . 

6�3 • 

6-4 • 

- - - - - - - - - - - - - - - - - ; - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

Low 

6-2 • 

Moderate 

Impact of Need 
High 

6-1 Transportation 
6-2 Exploration 
6-3 Development 
6-4 Drilling 
6-5 Production 
6-6 Deepwater offshore activities 
6-7 Mobile ice 

Likell­
lmpact hood n = 

2.5 3.0 
3.0 2.2 
4.2 3.4 
4.0 2.7 
3.5 2.5 
3.0 3.0 
3.0 4.0 

4 
5 
5 
6 
4 
2 
4 
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Identification of Long-term R, D&D Targets 
- Arctic Region Activities -

- majors -

I 
- - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - i - - - - - - - - - - - - - - - - - -

6-6 • 

1 
I 
I 
I 

� �  
I 
I 

6-� · 6-3 • 
I 
I 

6-t • 
6-1 • 

I 

6-5 • 

- - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

Low Moderate 

Impact of Need 
High 

6-1 Transportation 
6-2 Exploration 
6-3 Development 
6-4 Drilling 
6-5 Production 
6-6 Deepwater offshore activities 
6-7 Mobile ice 

Llkell­
lmpact hood n = 

3.0 
2.4 
2.7 
2.3 
3.3 
1 .3 
2.4 

2.8 
3.0 
3.0 
3.3 
3.3 
3.3 
2.7 

8 
7 
7 
6 
7 
7 
7 



Identification of Short-term R, D&D Targets 
- Oi l  Processing and Refining -

- majors - Liken-
Impact hood n = 

7-1 Catalysts with improved selectivities, 4.5 1 .5 1 1  
yields, lifetimes 

• 7-2 Hydrogen production and recovery 3.2 3.2 1 0  
CD .c. 1 7-22 7-3 Plant and process reliability 4.5 2.1 1 1  - C) I .c :f 1 7-4 Unconventional process technology 2.3 3.7 3 .! : 7-5 New materials of construction 2.5 2.5 4 •- I ftS 1 7-6 Reactor engineering and modeling 1 .8 2.6 5 � 7-1 4 -! 7-7 Catalyst manufacturing technology 2.0 3.0 6 
>- : 7-8 Risk assessment methodology 2.8 2.3 1 2  

= : 1 • 7_1 9  7-9 Solid acid catalysts 3.5 3.0 4 ·3 . 7_4 : : 7-21 • 7-1 0 Alternatives to olefin alkylation process 3.0 3.0 3 
a.. - - - - - - - - - - - - - - - - _ I!! - - - - - - - - - - - - - - - - - _ j _ - - - - - - - - - - - - - - - - - 7-1 1 Techniques for integration of environmental 3.7 2.3 9 
� � solutions into process and plant design 

E m 7-1 8 • 7-16 • 7-1 2  Improved on-line NDE Inspection technology 3.0 2.8 8 
o � 7•2 '!-1 7 • 

7_24 • 7-1 3  Predicting useful remaining lifetimes 3.0 2.8 9 
0 0 .!! of aging equipment 
... -c � 7-7 • '  7-1 0 • 7-9 • 7-23 • 7-1 4  Robotlcs for safety applications 2.3 4.3 3 � 5i -g 7-12) • 7-1 5  Worker safety systems 2.6 2.4 1 0  
>- Q) ::E 7 6 

7"1 3  
1 7-16  Energy efficiency of processes 4.0 3.4 1 0  

en -5 - • 
7 .. 5 • 7-20 • : 7-1 7 Energy efficiency of equipment 3.5 3.3 8 

.2 � Y-1 5 • 7-25 • : 7-1 8 Energy efficiency of separations 3.2 3.4 1 0  g • 
- - - - - - - - - - - - - - - - - - - - -7-s- · - - - - - - - -7-T1:• - .... T-26 - - - - - - - - - -

7-1 9 Separations technologies 3.9 3.9 7 
.C 1.-28 • 7-3 • 7-20 Determining chemical composition of 3.0 2.5 8 
� : crudes, refinery intermediates, and products 

1- : 7-21 New approaches to refining heavy feeds 4.6 3.8 5 
"CC : 7-27 • 7-22 Processing synthetic fuels 3.0 5.0 1 8 : 7-1 • 7-23 Conversion of methane to liquid fuels 5.0 3.0 2 
.c : 7-24 Relating chemical compositions to process 4.0 3.2 10  •- I a; 3: 1 and product performance 
� _g : 7-25 Advanced computational modeling of 3.3 2.4 7 
..J processes/reactions 

Low Moderate High 7-26 Advanced control and information systems 3.9 2.3 1 1  
Impact of Need 7-27 Performance characteristics of new 4.0 1 .7 6 

hydrocarbon fuel compositions 
t1 7-28 Environmental characteristics of new 3.9 2.1 9 
.!...;J hydrocarbon fuel compositions 
1-' 
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Identification of Long-term R, D&D Targets 
- Oil  Processing and Refining -

- majors -

7-1 

,..----------------------. 7-2 

• 7•1 4  I I 
I I 

7-3 
7-4 
7-5 
7-6 
7-7 
7-8 
7-9 

- - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - -

7-1 0  
7-1 1 

1 
7-4 � 

7J1 7• 
7-1 0 • � 7-23• 

• 7-22 

7-20• 
7-1 3 • ; • 7-5 

7-1 6• 7-21 • 

7-1 2 
7-1 3  

- - - - - - - - - - - - I 7-2 7-1 9• 

- - - - - ; - - - - \ 
I 

7-7 . I 7-1 8- �· - -· - -
.. - - - - - I • 7•24 

I 7-9 7-1 1 -. - - - - - - - - - - -

7-1 5· : 7-1 2• : -

-

- - - - -

7-1 4  
7-1 5 
7-16  
7-1 7  
7-1 8  
7-1 9 
7-20 

Low 

7-6 . : 7-8 . : 

7-25• • 7-27
. : 7-28 

7-26• 

Moderate 

Impact of Need 

7-3 • 
7-21 
7-22 
7-23 
7-24 7-1 • 
7-25 -

High 7-26 
7-27 

7-28 

Catalysts with Improved selectivities , 
yeilds, lifetimes 
Hydrogen production and recovery 
Plant and process reliability 
Unconventional process technology 
New materials of construction 
Reactor engineering and modeling 
Catalyst manufacturing technology 
Risk assessment methodology 
Solid acid catalysts 
AHernatives to olefin alkylation process 
Techniques for integration of environmental 
solutions Into process and plant design 
Improved on-line NDE inspection technology 
Predicting useful remaining lifetimes 
of aging equipment 
Robotics for safety applications 
Worker safety systems 
Energy efficiency of processes 
Energy efficiency of equipment 
Energy efficiency of separations 
Separations technologies 
Determining chemical composition of 
crudes, refinery intermediates, and products 
New approaches to refining heavy feeds 
Processing synthetic fuels 
Conversion of methane to liquid fuels 
Relating chemical compositions to process 
and product performance 
Advanced computational modeling of 
processes/reactions 
Advanced control and Information systems 
Performance characteristics of new 
hydrocarbon fuel compositions 
Environmental characteristics of new 
hydrocarbon fuel compositions 

Llkell­
lmpact hood n = 

4.5 

2.8 
4.7 
2.3 
2.4 
2.1 
1 .8 
3.3 
3.0 
2.1 
3.2 

2.7 
2.2 

1 .0 
2.0 
3.5 
2.5 
2.8 
3.2 
2.0 

4.1 
1 .3 
2.7 
3.9 

3.0 

3 .6 
3.3 

3.6 

1 .3 

2.3 
1 .6 
3.5 
2.6 
1 .9 
2.2 
2.0 
2.3 
3.2 
2.3 

2.1 
2.6 

3.8 
2.0 
3.0 
3.3 
2.3 
2.5 
2.7 

3.0 
3.0 
3.2 
2.4 

1 .8 

1 .6 
1 .8 

1 .9 

8 

9 
7 

1 1  
1 0  
1 1  
1 0  
6 

1 1  
1 1  
9 

7 
5 

8 
6 
8 
8 
9 

1 2  
7 

1 1  
1 2  
1 2 
7 

1 0  

7 
8 

7 
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Identification of Short-term R, D&D Targets 
- Gas Processing -

- majors -

- - - - - - - - - - - - - - - - - � - - - - - - - - - - �=� -

8-6 • 
I 8·1 •  - - - - �8-8-.- - - - - - - - - - - - - - -

8-3 • 
I 

I 8-21• 
8-5 • : 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - 1 - - - - - - - - - - - - - - - - - -

Low 

8-7 • 

Moderate 

Impact of Need 
High 

8-1 Gas dehydration 
8-2 Acid gas removal 
8-3 �s scavenger technology 
8-4 Natural gas liquid separation 
8-5 Nitrogen separation 
8-6 Trace constituent (arsenic, Hg, etc.) removal 
8-7 Sulfur recovery 
8-8 Separation of high concentrations of 

Impurities (nitrogen, CCl.z, Hp . . .  ) 

Llkell-
lmpact hood 

3.0 3.6 
3.7 2.8 
3.2 2.6 
3.3 3.7 
3.6 2.7 
2.0 3.5 
3.0 1 .5 
3.9 3.6 

n =  
7 
9 
9 
6 
7 
4 
4 
9 
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Identification of Long-term R, D&D Targets 
- Gas Processing -

- majors -

8-6 • 
I 

- - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

1 I 

8-1 . : : 8·4 · I I 

8·7 • I 

8-8 • 
I 

8-� · • 8-3 
I 
I 

I 
I 

- - - - - - - - - - - - - - - - - ; - - - - - - - - - - - - - - - - - - 1 - - - - - - - - - - - - - - - - - -

Low 

8-2 • 

Moderate 

Impact of Need 
High 

8·1 Gas dehydration 
8-2 Acid gas removal 
8-3 HaS scavenger technology 
8-4 Natural gas liquid separation 
8-5 Nitrogen separation 
8-6 Trace constituent (arsenic, Hg, etc.) removal 
8-7 Sulfur recovery 
8-8 Separation of high concentrations of 

Impurities (nitrogen, CO.z. �S . . .  ) 

Llkell­
lmpact hood n = 

2.0 
3.0 
2.6 
2.0 
2.4 
1 .4 
1 .9 
2.8 

3.5 8 
1 .9 7 
2.6 . 9 
3.4 10  
2.6 1 0  
3.9 1 1  
3.0 1 1  
2.8 8 
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Identification of Short-term R, D&D Targets 
- Gas Gathering -

- majors -

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - �� ��- - - - - - - - - - - - - - -

1 

• 9-2 

9-3 • 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

Low 

9-4 • 

Moderate 

Impact of Need 

I 
. I  
I 
I 

9-5 • 

High 

9-1 Compression 
9-2 Leak detection 
9-3 Plastic pipe (higher pressure rating) 
9-4 High pressure measurement 
9-5 Multi-phase metering 

Llkell-
lmpact hood n = 

3.7 3.7 6 
2.5 3.0 8 
3.0 2.5 8 
3.0 2.0 2 
4.1 2.7 7 
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Identification of Long-term R, D&D Targets 
- Gas Gathering -

- majors -

I - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - -

9-2 • 
9-1 • 

1 I 
I 
I 
I 
I 
I 

I 

I - - - - - - - - - - - - - - - - - 1 - - - - - - - - - - - - - - - - - -- - - - _9:1 � - - g:3"• •g:s: -

Low Moderate 

Impact of Need 
High 

9-1 Compression 
9-2 Leak detection 
9-3 Plastic pipe (higher pressure rating) 
9-4 High pressure measurement 
9-5 MuHi-phase metering 

Llkeli-
Impact hood n =  

2.2 2.8 1 0  
1 .9 2.7 7 
2.0 2.3 6 
1 .6 2.4 1 3  
2.1 2.3 9 
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Identification of Short-term R, D&D Targets 
- Gas Storage -

- majors -

1 0-6 . 
I 
I 

- - - - - - - - - - - - - - - - - � - - - - - ����- - - - - - - - - � - - - - - - - - - - - - - - - - - -

1 0-5 · 

1 0-7 . 

1 0-2 I 1 0-3 
- - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - �· - - - - - - - - - - - - - - - - -

Low 

1 0-1 . 

Moderate 

Impact of Need 
High 

1 0-1 Well deliverabllity restoration 
1 0-2 Leak detection and mitigation 
1 0-3 Reservoir management 
1 0-4 Gas migration control 
1 0-5 Base gas minimization techniques 
1 0-6 Inert base gas research 
1 0-7 Unconventional development techniques 

Llkeli-
lmpact hood n = 

3.0 1 .5 4 
2.3 2.3 3 
3.7 2.3 3 
3.0 3.7 3 
3.4 3.5 4 
3.0 4.0 2 
3.0 3.0 3 
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Identification of Long-term R, D&D Targets 
- Gas Storage -

I 
I 
I 
I 

I I 

- majors -

- - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - -

1 0-1 Well deliverability restoration 
1 0-2 Leak detection and mitigation 
1 0-3 Reservoir management 
1 0-4 Gas migration control 
1 0-5 Base gas minimization techniques 
1 0-6 Inert base gas research 
1 0-7 Unconventional development techniques 

0> I! 0> Q) .,... "'' � I 10  2 O CD dl • -
z 
� 
D) 
0 
0 
c 

.c 

! 
'C 
0 
0 

.c 
·-

:= 
::i 

0> ..... 
c Q) Q) � 

II] 

"'C 
0 :::.:! 

§ ..J 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  i _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

- - - - � - - - I . - - - - -to--1 -.- - - - 1 0-3 • 
: 

Low 

1 0-4 " : 1 0-5 • 
: • I 

I 
/ I 

I 

1 0-6 : 
I I 

I 
I 

1 0-7 . 
I 
I 
I 
I 
I 

Moderate 

Impact of Need 
High 

Llkeli-
lmpact hood n = 

1 .7 2.3 3 
1 .0 3.0 3 
2.6 2.2 5 
2.0 2.0 4 
3.0 . 2.0 2 
2.0 2.0 4 
2.6 1 .4 5 
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Identification of Short-term R, D&D Targets 
- Environmental and Regulatory -

- majors -

1 1 -1 Disposal methods for drilling fluids 
I I 1 1 1 -2 Treatment and disposal of produced fluids I I 
I I 1 1 -3 Screening procedures for injection wells ' ' 

1 1-4 Risk and reclamation analysis of 
disposal methods 

1 1-5 Leak detection 
1 1-6 Hydrological modeling 
1 1 -7 Compliance with CAAA stationary 

source issue 
I I 

- - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - · 1 1 -8 Advanced computation models to predict 
1 1 -2 . 

1 1 -1 • 

1 1 - 15• 
1 1 -4 . 

1 1 -5 . • 11 1 -3 
1 1 -1 1 • I 

1 1 -1 3• I 
I 

1 1 ·8 • I . 1 1 -1 2 
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -f,f-7-• - ll=f4· - - - - - - -

Low 

1 1 -6 . 

Moderate 

Impact of Need 

. �� 1 -9 
I 1 1 ·1 0  

High 

dispersion, transformation, and fate of air 
pollutants 

1 1 -9 Model transport and remediation of 
contaminants in ground water and soils 

1 1 -1 0 Effluent and emission monitoring, 
minimization, and control 

1 1 -1 1  Recycling of waste and byproduct streams 
1 1-12 Remediation technology 
1 1 -1 3  Catalyst recycling 
1 1 -14 Provide scientific basis for risk-based 

regulation 
1 1 -1 5 NORM disposal 

Llkell-
Impact hood n =  

3.0 3.3 12 
4.1 3.5 1 1  
3.6 2.7 7 
3.2 2.8 12  

3.3 2.7 12 
2.8 2.0 8 
3.9 2.3 16 

3.0 2.4 10  

3.8 2.2 12 

3.8 2.2 12 

3.4 2.6 10  
3.9 2.4 1 3  
3.0 2.5 8 
4.4 2.3 14 

3.2 3.0 1 3  
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Identification of Long-term R, D&D Targets 
- Environmental and Regulatory -

- majors -

I 
- - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - -

1 1 -3 .  
1 1 -1 3 •  

1 1 •4 . I 

1 1 -1 1 • 

1 1 -5 . 1 1 -2 . 

- - 1 1;8� - - - - - - - - - - � - - - - - - - - - - - - - - - - - - ; - - - - - - - - - - - - - - - - - -
1 1 - 10 . 

1 1 -1 • 
I 

1 1 -9 . : • 1 1 - 12  1 1 -6 .  I 
I I 
I I • 1 1 -1 4 

1 1 -1 5 • 

I I 1 1 -7 I I 
I I • 

Low Moderate High 
Impact of Need 

1 1 -1 Disposal methods for drilling fluids 
1 1 -2 Treatment and disposal of produced fluids 
1 1 -3 Screening procedures for injection wells 
1 1 -4 Risk and reclamation analysis of 

disposal methods 
1 1 -5 Leak detection 
1 1 -6 Hydrological modeling 
1 1 -7 Compliance with CAAA stationary 

source issue 
1 1 -8 Advanced computation models to predict 

dispersion, transformation, and fate of air 
pollutants 

1 1 -9 Model transport and remediation of 
contaminants In ground water and soils 

1 1 -1 0 Effluent and emission monitoring, 
minimization, and control 

1 1 -1 1 Recycling of waste and byproduct streams 
1 1 - 12  Remediation technology 
1 1 -1 3 Catalyst recycling 
1 1 - 14 Provide scientific basis for risk-based 

regulation 
1 1 -1 5 NORM disposal 

Like II-
Impact hood n =  

2.7 2.0 6 
4.1 3.0 7 
1 .9 2.8 1 0  
1 .6 2.4 7 

3.3 3 .0 7 
2.0 1 .8 1 0  
4.0 1 .0 4 

1 .5 2.3 8 

3.3 1 .9 7 

3.3 2.1 7 

2.8 2.6 1 0  
3.8 1 .8 8 
2.1 2.6 1 1  
3.9 1 .6 7 

2.0 1 .5 4 
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Identification of Short-term R, D&D Targets 
- Exploration -

-integrated gas or oi l  -

• • 1 -1 30 Basin modeling 
1 -9 1 -2 1 -2 Risk assessment methods 

1 -3 High-resolution seismic depth imaging 
1-4 Specialized seismic processing 
1 -5 Sequence stratigraphy techniques 
1-6 Workstation seismic modeling 
1 -7 Geochemical analysis 
1 -8 Airborne/satellite remote sensing 
1 -9 Fault seal analysis 

- - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - 1 -1 0 Multi-component seismic techniques 
1 

1 -8 • 
1 -1 
1 -5 "'· 
1 -7 / 

1-1 0:• 
I 

1 - 16 • : - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � 1=12· - - - - - - - - - - - - -

Low 

1 -6 • 

Moderate 

Impact of Need 

1 - 14 • 

1 -4 • 1 -3 • 

1 - 1 3 

1 -1 1  \ 1 -1 5  
• • • 

High 

1 -1 1 30 Paleostructural restoration 
1 -12  Amplitude versus offset (AVO) in 30 
1-13 30 Visualization tools 
1 -14 Advanced seismic acquisition 
1-15 Geographic information systems 
1 -16 Geophysical fracture-detection methods 

Llkell-
Impact hood n =  

3.0 3.0 1 
3.0 5.0 3 
4.7 1 .7 6 
4.3 1 .7 6 
3.0 3.0 4 
3.3 1 .9 7 
3.0 3.0 4 
2.0 3.0 2 
2.3 5.0 3 
3.7 2.7 6 
4.5 1 .0 4 
4.0 2.3 8 
4.6 1 .0 5 
5.0 2.0 6 
5.0 1 .0 1 
3.5 2.5 4 
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Identification of Long-term R, D&D Targets 
- Exploration -

-integrated gas or oi l  -

I - - - - - - - - - - - - - - - - - , - - - - - - - - - � - - - - - - - - � - - - - - - - - - - - - - - - - - -

1 -2 . 1 -4 • 
I 

1 -8 • 1 -9 • : 
1 -1 \ : 1 - 15 -· I 1 •3 

1 - 1  30 Basin modeling 
1 -2 Risk assessment methods 
1 -3 High-resolution seismic depth imaging 
1 -4 Specialized seismic processing 
1 -5 Sequence stratigraphy techniques 
1 -6 Workstation seismic modeling 
1 -7 Geochemical analysis 
1 -8 Airborne/satellite remote sensing 
1 -9 Fault seal analysis 
1 -1 0 Multi-component seismic techniques 
1 - 1 1 30 Paleostructural restoration 
1 - 12  Amplitude versus offset (AVO) in 30 
1 - 1 3 30 Visualization tools 
1 - 14  Advanced seismic acquisition 
1 -1 5  Geographic information systems 
1 - 16  Geophysical fracture-detection methods 

- - - - - 1 � � - - - - - - - � - - - - - - - - -. - - - - - - - - � - - - - - - - - - - - - - - - - - -
1 -5 • 1 -7 • : 1 -1 1 • : 

Low 

I I 

1 - 16 . : : 
I I 
I I 

1 - 10 .: 
1 - 1 3 • I 

I 
I 

I I 
I 1 - 12  : 1 -14 I • I . 

Moderate 

Impact of Need 
High 

Llkell-
Impact hood 

1 .9 2.4 
1 .9 3.0 
3.0 2.3 
3.0 3.0 
1 .8 2.2 
1 .7 2.3 
2.2 2.2 
1 .7 2.7 
2.1 2.7 
2.3 1 .7 
3.0 2.2 
3.0 1 .0 
3.0 1 .5 
3.7 1 .0 
1 .9 2.4 
2.0 2.0 

n = 
7 
7 
3 
3 
5 
3 
5 
6 
7 
3 
5 
1 
4 
3 
7 
4 
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Identification of Short-term R, D&D Targets 
� Development -

-integrated gas or oi l  -

• 2-1 3 

I 

2-29 : 
_ _ _ _ _ _ _ _  Jl _ _ _ _ _ _ _  , - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - -I 

I 
I 
I 
I 
I 
I 
I 

2-27• I! 2-341 
I 
I 
I 
I 

2-30• 2�28• 
I 

2-4, 
2-1 8r 
2-23 

2-31 • I 2-20• 
2-16• 

2-1 1• : 2-6 . 
I 

- - - - - 2:f9 __ _ _ _ _ _ _ _  , _ _ _ _ _ 1:-tt· - - - - - - - - �- - - - , - - - - , - - - - - - - -
2•8 • 2•5 • I 2-1 0 2•22 

2-32• I 2-1 5. 
• 2-21 2-33• • : 2-7/•2-14• •2-3 2-24 1 1 

Low 

2 26• 
I 
I 
I 
I 
I 
I 

2-1 • : 2-12  
2-9 • 2-25• 2-2 • 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Moderate 

Impact of Need 
High 

2-1 Advanced reservoir analog models 
2-2 Computer-based 3-D geological modeling 
2-3 Development-scale seismic applications 
2-4 Tracers (biologic/chemicaVradioactive) 
2-5 Core analysis/imaging 
2-6 Geostatistical reservoir descriptions 
2-7 Outcrop analog studies 
2-8 Fluid-rock interaction 
2-9 Rock physics 
2-1 0  Cross-well geophysical imaging 
2-1 1 Advanced attribute processing 
2-12 Seismic/log/core calibration 
2-1 3  Cuttings analysis 
2-1 4  Reservoir property identification 
2-1 5  Through casing logging 
2-16  Deep investigation techniques 
2-1 7 High resolution borehole imaging logs 
2-1 8  Specialized core analysis 
2-1 9  Characterization of rock wettability 
2-20 Permeability logging techniques 
2-21 Tracer techniques 
2-22 CT scanning and NMR imaging 
2-23 Formation water chemistry 
2-24 Fluid sampling and analysis 
2-25 Advanced reservoir simulation modeling 
2-26 Workstation single well simulations 
2-27 Procedures for data scale-up 
2-28 Expert systems applications 
2-29 Time lapse seismic imaging 
2-30 Advanced monitoring of EOR processes 
2-31 Advanced well testing and interpretation 
2-32 Material balance applications 
2-33 Decision and risk analysis 
2-34 Expendable well bore instrumentation 

Likeli-
Impact hood 

3.4 1 .8 
4.3 1 .7 
4.5 2.0 
3.0 3.0 
3.4 2.2 
4.0 2.5 
4.0 2.0 
3.0 2.2 
3.0 1 .7 
3.7 2.3 
3.0 2.3 
4.0 2.0 
1 .0 5.0 
4.3 2.0 
4.1 2.1 
3.8 2.6 
3.5 2.5 
3.0 3.0 
1 .7 2.3 
4.1 2.7 
1 .0 2.0 
3.7 2.3 
3.0 3.0 
3.5 2.0 
3.7 1 .7 
2.5 1 .5 
2.0 3.0 
2.5 2.5 
1 .7 3.7 
2.0 2.5 
3.3 2.7 
3.3 2.1 
3.3 2.0 
2.3 3.0 

n =  

5 
6 
4 
2 
5 
4 
2 
5 
3 
3 
3 
6 
1 
8 
7 
5 
4 
4 
3 
7 
2 
3 
3 
4 
6 
4 
4 
4 
3 
4 
6 
7 
6 
3 
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Identification of Long-term R, D&D Targets 

- Development -
. t t d ' I  Likeli-- ln egra e gaS Or 01 - Impact hood n = 

2-1 Advanced reservoir analog models 3.5 1 .5 4 
2-2 Computer-based 3-D geological modeling 3.7 2.3 3 

• 2-3 Development-scale seismic applications 3.0 2.0 4 
� .c 2-33 l 2-4 Tracers (biologic/chemicaVradioactive) 1 .0 3.3 6 
ca :f : 2-5 Core analysis/imaging 2.0 3.5 4 
=; : 2-6 Geostatistical reservoir descriptions 2.2 2.2 5 
> 

: 
2-7 Outcrop analog studies 1 .3 3.6 7 cC : 
2-8 Fluid-rock interaction 2.5 2.5 4 

� : 
2-9 Rock physics 2.0 2.7 6 

'ii 2-34 • : 
1 2-1 0 Cross-well geophysical imaging 2.2 3.4 5 

'ij 2-29 
: : 2-1 1 Advanced attribute processing 2.2 2.2 5 

� � _ _ _  ._ _ _ _ _ _ _ _ _ _  .:_ _ _ _  � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - 2-1 2  Seismic/log/core calibration 3.7 1 .0 3 
E 0 2-7 • 

2_5 • 
: 

•2_16  
: 

2-1 3 Cuttings analysis 1 .9 3.0 7 
E N 2-1 0 •

: : 
2-1 4  Reservoir property identification 1 .0 1 .0 1 

0 -g •2_4 2-22 • : 
2-1 5 Through casing logging 5.0 1 .0 1 � <U � 

2;32 : 
_ 2-1 6  Deep investigation techniques 2.5 3.5 4 

0 m I! 2-23• 2-1 3 • • •\[2 1 7  2-1 7  High resolution borehole imaging logs 2.2 3.0 5 Z m � I 2-24 2-1 8  Specialized core analysis 1 .8 2.6 5 i;; � � 2-21 • 2-9 • 
: 

2-1 9  Characterization of rock wettability 1 .7 2.3 6 
0 m 2

-30 �- 7 2 
:
8 • 2-20 Permeability logging techniques 4.0 2.0 2 -co� - - - - - - ��1_

8 
_ _  �:2 _ _ _ _  ]_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ..,-r; - - - - - - - - - - - - - - - - - - 2-21 Tracer techniques 1 .6 2.7 7 

.c � 2 28 ,. .en. ,• 2-22 CT scanning and NMR imaging 1 .7 3.3 6 
u , 

- • II 2-6-"'• : 
2-23 Formation water chemistry 1 .3 3 .0 6 

{!!. 2-1 9  2-1 1 7 2-3 • 
:
2-20 • 2-24 Fluid sampling and analysis 2.2 3.0 5 

"C 
2-31 : 

2-25 Advanced reservoir simulation modeling 1 .7 1 .0 3 
o 

: 
2-26 Workstation single well simulations 1 .4 1 .0 5 

_g 2_1 • : 2-27 Procedures for data scale-up 1 .8 2.6 5 
= 1 2-28 Expert systems applications 1 .4 2.2 5 
� 3: l 2-29 Time lapse seismic imaging 1 .3 3.7 6 
·- .3 2-14 2-26 2-25 � 2- 12 2-1 5 2-30 Advanced monitoring of EOR processes 1 .0 2.6 5 ..J • • • I. • 2-31 Advanced well testing and interpretation 1 .7 2.3 3 

Low Moderate High 2-32 Material balance applications 2.0 3.0 2 
Impact of Need 2-33 Decision and risk analysis 2.0 5.0 2 

2-34 Expendable well bore instrumentation 1 .7 4.0 6 
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Identification of Short-term R, D&D Targets 
- Dri l l ing and Completion -

-integrated gas or oi l -

3-1 Horizontal well bore applications 
3-2 Drilling fluid design 
3-3 Advanced fracture techniques 
3-4 Cementing 
3-5 Perforating and well bore cleanup 
3-6 Well productivity 
3-7 Multilateral technology 
3-8 Innovative bit and tubular technology 

I 
3-9 Slim hole drilling 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 3-1 o Under balanced drilling 

Low 

3-1 0 •  

3-4 . 

I 
I 

I 

3-8 • : 
3-9 • 

G-3 • 3-6 • I 
: 3-1 3 • 

- � - - - - - - - - - - - - - - - - - -- - - - - - - - - - 3.:Z • - - -
: 3-5 • 

Moderate 

Impact of Need 

$-1 1 • 
3-7 • 

3-1 2 •  
3-1 • 

High 

3-1 1 Measurements while drilling 
3-1 2  Coiled tubing drilling 
3-1 3 Unconventional drilling technology 

Likell-
Impact hood n =  

4.0 1 .5 8 
3.3 2.3 6 
3.9 2.7 7 
3.0 2.5 4 
4.2 2.2 5 
4.4 2.7 7 
4.5 2.0 4 
3 .6 3.1 7 
4.0 3.0 6 
3.0 3.4 5 
3.9 2.1 7 
4.3 1 .7 6 
4.0 2.5 4 
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Identification of Long-term R, D&D Targets 
- Dri l l ing and Completion -

I 

-integrated gas or oi l  -

3-1 Horizontal well bore applications 
3-2 Drilling fluid design 
3-3 Advanced fracture techniques 
3-4 Cementing 
3-5 Perforating and well bore cleanup 
3-6 Well productivity 
3-7 Multilateral technology 
3-8 Innovative bit and tubular technology 
3-9 Slim hole drilling 

- - - - - - - - - - - - - - - - - ; - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - 3-1 0 Under balanced drilling 
3-1 1 Measurements while drilling 
3-12 Coiled tubing drilling 

1 
I 
I 

I 

3-8 -: 
I 
I 
I 
I 
I 

3�9 • 
I 

3-4, 
3-5 ?I 3-7 • 

- - - - - - - - - - - - - 3:12� - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

Low 

l 
I 
I 
I 
I 

3-3 , : • 3-1 0  
.. 

3-1 1 I : 
3-2 • 

Moderate 

Impact of Need 

3-6 . 

3-1 
• 

High 

3-1 3 Unconventional drilling technology 

Liken­
Impact hood n = 
4.3 
3.0 
2.3 
3.0 
3.0 
5.0 
3.4 
2.3 
2.5 
2.6 
2.3 
2.3 
1 .8 

1 .0 
1 .5 
1 .7 
2.6 
2.6 
2.0 
2.6 
3.0 
2.5 
1 .8 
1 .7 
2.3 
3.8 

3 
4 
3 
5 
5 
2 
5 
3 
4 
5 
3 
3 
5 
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Identification of Short-term R, D&D Targets 
- Production -

- integrated gas or oi l  -

.c I 1 1 � 4-1 Injection water treatment 
.2' : : 4-2 Produced water treatment J: 1 1 4-3 Corrosion control 

4-4 Scaling inhibitors 

4-
2
0 • . 

I 

4-1 7  14-16 • - -�2�-.- - ::!f� - - - 1 - - - - _11�: - - - - - - - - r�3 -
.

- - - - - - - - - - - - - - - ., 

4-5 Paraffin control/removal 
4-6 Oil/water/gas/separation 
4-7 Beam pump analysis 
4-8 Gas lift analysis 
4-9 Submersible pump analysis 
4-1 0 Rod/tubing wear evaluation 
4-1 1 stimulation techniques 

0 � 
"C CD 

1 I I 
4-23 : 4-5 • : 

. 

I I 
I I 4•1 3  

4-1 5 •  : 4-1 • 4-1 0 • 4-h2 •  ). 

4-1 2 Gas compression techniques 
4-1 3 Recompletion techniques 
4-14 Remote control and data analysis 

i '8 
CD :!: :5 
>. m 

� 

I 4-27 
: 4-25 • 

I 14-2 . 
4-61 : 
4-7� 4-9 . 4-8 . : 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - -�26 · - - - - - - · 
4-22 • 

4-1 1 • 
4-1 4 •  

�--------_.--------------�----� 
Low Moderate 

Impact of Need 
High 

4-1 5 Compact processing on offshore platforms 
4-16 Modification of reservoir fluid mobilities 
4-1 7 Miscible contact/displacement 
4-1 8 Viscosity reduction of heavy oils 
4-1 9 In situ generation of foams/emulsions 
4-20 Thickeners for C02 floods 
4-21 Microbial EOR processes 
4-22 High-velocity gas flow modeling 
4-23 Thermal processes 
4-24 Combustion processes 
4-25 Near well bore stimulation 
4-26 New directional drilling 
4-27 Advanced recovery of natural gas 

Llkell­
lmpact hood n = 

2.6 
3.9 
3.9 
3.0 
3.3 
2.5 
2.5 
3.5 
3.0 
3.0 
4.4 
3.8 
4.2 
4.0 
2.0 
2.6 
2.0 
3.0 
2.0 
1 .5 
2.0 
4.2 
2.0 
1 .5 
4.5 
4.5 
4.2 

3.0 
2.7 
3.6 
3.6 
3.3 
2.5 
2.5 
2.5 
2.5 
3.0 
2.1 
3.0 
3.0 
2.0 
3.0 
3.8 
3.5 
3.5 
3.5 
4.0 
3.5 
2.2 
3.5 
3.5 
2.8 
2.3 
3.0 

5 
7 
7 
7 
7 
4 
4 
4 
4 
4 
7 
5 
5 
6 
2 
5 
4 
4 
4 
4 
4 
5 
4 
4 
8 
8 
5 
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ldentification . of Long-term R, D&D Targets 
- Production -

- integrated gas or oi l  -

-�-19 - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - L - - - - - - - - - - - - - - - - - -
4-201 : 4-3 : +4 1 4-1 7 4-1 8 I 4-5 
4-24 4-23 4·21 : 4-12 4 14 1 l • L : • 4-22• •4-1 3  •4-27 - I I I 4-16  I 4-7 

I 
I 
I 
I • 4-8 • 4-1 0• I 

4-9 I - - - - - - - - - - - - - - - - - � - - - - - - - - - -4-1 5· - - - - t - - - - - - - - - - - - - - - - - - ·  
I 

4-1 . I 
I 

4-2> 4-6 • I 4-1 1 • 
I 

I 
I 4-25 
I 

4-26� I 
I 

Low Moderate High 
Impact of Need 

4-1 Injection water treatment 
4-2 Produced water treatment 
4-3 Corrosion control 
4-4 Scaling inhibitors 
4-5 Paraffin controVremoval 
4-6 Oil/water/gas/separation 
4-7 Beam pump analysis 
4-8 Gas lift analysis 
4-9 Submersible pump analysis 
4-1 0  Rod/tubing wear evaluation 
4-1 1 Stimulation techniques 
4-12  Gas compression techniques 
4-1 3 Recompletion techniques 
4-14  Remote control and data analysis 
4-1 5 Compact processing on offshore platforms 
4-16 Modification of reservoir fluid mobilities 
4-1 7  Miscible contact/displacement 
4-1 8 Viscosity reduction of heavy oils 
4-1 9  In situ generation of foams/emulsions 
4-20 Thickeners for C02 floods 
4-21 Microbial EOR processes 
4-22 High-velocity gas flow modeling 
4-23 Thermal processes 
4-24 Combustion processes 
4-25 Near well bore stimulation 
4-26 New directional drilling 
4-27 Advanced recovery of natural gas 

Llkell-
Impact hood 
2.0 2.0 
2.0 2.0 
3.0 3 .0 
3.0 3.0 
3.0 3.0 
3 .0 2.0 
2.5 3.0 
1 .5 2.5 
1 .0 2.5 
2.0 2.5 
5.0 2.0 
3.0 3.0 
3.7 3.0 
1 .0 3.0 
3.3 2.3 
2.0 3.0 
1 .4 3.0 
1 .8 3.0 
1 .4 3.4 
1 .4 3.4 
2.2 3.0 
3.5 3.0 
1 .8 3.0 
1 .4 3.0 
5.0 1 .0 
5.0 1 .0 
4.3 3.0 

n ==  
4 
2 
1 
1 
1 
4 
4 
4 
4 
4 
2 
3 
3 
2 
6 
4 
5 
5 
5 
5 
5 
4 
5 
5 
1 
1 
3 
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Identification of Short-term R, D&D Targets 
- Deepwater Offshore -

- integrated gas or oi l  -

J::. Ol J: 

CD a; ... CD "C 0 ::::!: 

I 
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

5-12, • 
5-1 3 / 

1 I 

I 
I 

5-6 • 

- - - - - - - - - - - - - - - - - � - - - - - -5--s-• - - - - - - - - � - - - - -s-1 s• - - - - - - - - -
I 
: 5-4 
I '\ 
5-1 1 � I 

5-9 • 
5-1 '\ 

• 
5-14 / 

5-3 
5-2 � 

� I 

w 

.9 I : i 5-�o 5;7 5-1 6 . I 
Low Moderate 

Impact of Need 
High 

5-1 Produced fluid disposal 
5-2 Extended reach drilling or production 
5-3 Extended reach control systems 
5-4 High pressure systems 
5-5 Flowlines 
5-6 Flow metering 
5-7 Subsea equipment 
5-8 External corrosion protection 
5-9 Risers 
5-1 0  ROV systems 
5-1 1 Drilling 
5-1 2  Workover 
5-1 3 Water/gas Injection 
5-14  Hydrate prevention 
5-1 5  Multi-phase pumps 
5-1 6  Structures 

Llkell-
Impact hood n =  

5.0 2.0 2 
5.0 1 .0 1 
5.0 1 .0 1 
4.0 2.0 2 
5.0 1 .0 3 
4.3 3.0 3 
4.3 1 .0 3 
3.0 2.3 3 
4.5 2.0 4 
4.0 1 .0 2 
4.0 2.0 2 
3.0 3.0 1 
3.0 3.0 1 
5.0 2.0 2 
4.3 2.3 3 
5.0 1 .0 2 
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Identification of Long-term R, D&D Targets 
- Deepwater Offshore -

5-1 3 I 1// I 

- integrated gas or oi l  -

5-1 Produced fluid disposal 
5-2 Extended reach drilling or production 
5-3 Extended reach control systems 
5-4 High pressure systems 
5-5 Flowlines 
5-6 Flow metering 
5-7 Subsea equipment 
5-8 External corrosion protection 
5-9 Risers 

5-16• ��5-3 : 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - L - - - - - - - - - - - - - - - - - - 5-1 0 ROV systerns 

C1l 1! C1l 
'8 ::E 

� ....I 

I 
5-1 

: 

5-2
\

: 
5-1 11

� 

5-12 
: 

5-5 
\. 

5-1 0
/ 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - ·  

Low 

5-6 
\ . 

5-1 4
/ 

Moderate 

Impact of Need 

5-4 • 

High 

5-1 1 Drilling 
5-12 Workover 
5-1 3 Water/gas injection 
5-1 4  Hydrate prevention 
5-1 5 Multi-phase pumps 
5-1 6  Structures 

Llkell-
Impact hood 
2.3 3.0 
2.3 3.0 
2.3 3.7 
4.0 2.0 
3.0 3 .0 
3.0 2.0 
1 .0 5.0 
1 .0 5.0 

3.0 3.0 
2.3 3.0 
2.3 3.0 
2.3 3.7 
3.0 2.0 
1 .0 5.0 
2.0 4.0 

n = 
3 
3 
3 
2 
2 
2 
1 
1 

2 
3 
3 
3 
2 
1 
2 



· Identification of Short-term R, D&D Targets 
- Oi l  Processing and Refining -

- integrated gas or oi l  - Like II-
Impact hood n a:: 

7-1 Catalysts with improved selectivities, 4.0 2.0 2 
• yields, lifetimes 

cu s: 7-1 0  7-2 Hydrogen production and recovery 3.0 3.0 1 :a .2» J: 7-3 Plant and process reliability 4.3 3.0 3 .!! 7-4 Unconventional process technology 'i 7-5 New materials of construction � 7-6 Reactor engineering and modeling 
� 7-7 Catalyst manufacturing technology 3.0 3.0 1 
'ii 7-8 Risk assessment methodology 3.0 2.3 3 ·� 7-9 Solid acid catalysts 5.0 3.0 1 
cu 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - · 

7-1 0 Alternatives to olefin alkylation process 5.0 5.0 1 
E I 7-1 1 Techniques for integration of environmental 3.0 1 .0 1 <» 
E <» solutions Into process and plant design <» 0 ..- 7-12  Improved on-line NDE inspection technology 4.3 1 .7 3 0 � ;  7-2" 7-� 7-1 3 Predicting useful remaining lifetimes 4.0 3.0 2 15 7-7-• 7-1 3 •  7-3 • 

7-9/ of aging equipment 
z 5i "8 7-24/ 7-14  Robotics for safety applications 
>- Q) :!!: 7-1 5  Worker safety systems 3.7 2.3 3 
C) .s::. 

7-1 6  Energy efficiency of processes - 5.0 2.0 2 0 >. 

0 m 7-1 7  Energy efficiency of equipment 4.3 1 .7 3 
c 

I - - - - - - - - - - - - - - - - - � - - - - - -1-a·· - - - - - - - - • l�fs · - - - - - - - - - - - - · 7-1 8  Energy efficiency of separations 
.c 7-1 9 Separations technologies u {! 7-1 • 7-1 6 . 7-20 Determining chemical composition of 5.0 1 .0 1 

crudes, refinery intermediates, and products 
"C 7-12-..... 7-21 New approaches to refining heavy feeds 5.0 3.0 1 0 • 
0 7-17/ 7-22 Processing synthetic fuels 

.c 7-25 7-23 Conversion of methane to liquid fuels ·-- 7-25 � 7-24 Relating chemical compositions to process 3.0 3.0 1 J � 7-1 1 7-25 7-25 and product performance ·-

.J • • • 7-25 Advanced computational modeling of 4.0 1 .0 2 
Low Moderate High processes/reactions 

Impact of Need 7-26 Advanced control and information systems 5.0 1 .0 3 
7-27 Performance characteristics of new 

hydrocarbon fuel compositions 
tj 7-28 Environmental characteristics of new 5.0 1 .0 
I hydrocarbon fuel compositions co 

1-' 
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Identification of Long-term R, D&D Targets 
- Oi l  Processing and Refining -

- integrated gas or o i l  -

7-1 Catalysts with improved selectivities, 
yields, lifetimes • 7-2 I 7-2 Hydrogen production and recovery 

7-7> 
I 
I 7-3 Plant and process reliability 

7-4 Unconventional process technology 
7-5 New materials of construction 

7-4 7-6 Reactor engineering and modeling 
7-2 7-7 Catalyst manufacturing technology 

7-7>· 
7-8 Risk assessment methodology 
7-9 Solid acid catalysts 
7-1 0  AHernatives to olefin alkylation process 

_ _ _ _ _ _ _ _ _ _ _ _ _  J:s _ . _ _ _ _ _ J:e _• - - - - - - - - � - - - - - - - - - - - - - - - - - - 7-1 1 Techniques for integration of environmental 

7-1 3  
.!7-23 7-1 1 >

· 
\ 7-24 7-20 

I I 
I I 
I I 
I I 
I I 
I I 
I 7-9 I 
I 

.!7-1 0 
I 

� I 
I 17-27 \ 7-21 I 

I I 
I I 
I I 

: 7-1 9 : 
: t7-1 8 : 

- - - - - - - - - - - - - 7��4 � - - - - - - - - - . 7�22 - - - � - - - - - - - - - - - - - - - - - -

7-28 . 

7-16  
• 

Low Moderate High 
Impact of Need 

solutions into process and plant design 
7-1 2  Improved on-line NDE inspection technology 
7-1 3  Predicting useful remaining lifetimes 

of aging equipment 
7-1 4  Robotics for safety applications 
7-1 5  Worker safety systems 
7-1 6  Energy efficiency of processes 
7-1 7  Energy efficiency of equipment 
7-1 8  Energy efficiency of separations 
7-1 9 Separations technologies 
7-20 Determining chemical composition of 

crudes, refinery intermediates, and products 
7-21 New approaches to refining heavy feeds 
7-22 Processing synthetic fuels 
7-23 Conversion of methane to liquid fuels 
7-24 Relating chemical compositions to process 

and product performance 
7-25 Advanced computational modeling of 

processes/reactions 
7-26 Advanced control and information systems 
7-27 Performance characteristics of new 

hydrocarbon fuel compositions 
7-28 Environmental characteristics of new 

hydrocarbon fuel compositions 

Llkell-
Impact hood n = 
1 .0 5.0 1 

2.0 4.0 2 

2.3 4.3 3 
2.3 3.7 3 
3.0 3.7 3 
2.0 4.0 2 

3.0 3.0 2 
3.0 3.0 2 
2.0 3 .0 2 

1 .0 3.0 1 

2.3 2.3 3 

3.0 1 .0 1 

3.0 2.3 3 
3.0 2.3 3 
2.0 3 .0 2 

3.0 3.0 2 
3.0 2.3 3 
1 .0 3.0 3 
1 .0 3.0 2 

1 .0 5.0 1 

2.3 3.0 3 

3.0 2.0 2 
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Identification of Short-term R, D&D Targets 
.- Gas Processing -

- integrated gas or oi l  -

• 
8-6 

8-5 . 

8-7 \. 
8-8 I 

8-4 . 

8-1 • 

I I 
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -1 I I 

• 8-3 • 
8-2 • 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

�--------�----------�----------� 
Low Moderate 

Impact of Need 
High 

8-1 Gas dehydration 
8-2 Acid gas removal 
8-3 � scavenger technology 
8-4 Natural gas liquid separation 
8-5 Nitrogen separation 
8-6 Trace constituent (arsenic, Hg, etc.) removal 
8-7 Sulfur recovery 
8-8 Separation of high concentrations of 

impurities (nitrogen, c� H.zS .. .  ) 

Llkell-
Impact hood 

3.4 4.2 
3.0 3.3 
2.6 3.4 
3.5 4.5 
2.0 4.5 
1 .7 5.0 
2.0 4.0 
2.0 4.0 

n = 

5 
7 
5 
4 
4 
3 
4 
4 



0 
I co � 

(I) 
:a .!! 
·-

ca 
� 
� .!! � 
(I) 
E 
E 
0 

0 
0 
z 
>-
c::n 
0 

0 
c 

.c 
u � 

'C 
0 
0 

.c 
·-

� 
·-..J 

0 ...... � 
"C c (IJ 
m m m ...... 
c Q) 

� Q) 
al 

.c Cl 
:f 

� 
"8 � 

� ..J 

I 

Identification of Long-term R, D&D Targets 
- Gas Processing -

- integrated gas or oi l  -

8-1 Gas dehydration 
8-2 Acid gas removal 
8-3 H.2S scavenger technology 
8-4 Natural gas liquid separation 
8-5 Nitrogen separation 
8-6 Trace constituent (arsenic, Hg, etc.) removal 
8-7 Sulfur recovery 

8-6 • - - - - - - - - - - - - _

8�� _•_ ) - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -
8-8 Separation of high concentrations of 

impurities (nitrogen, COz, �s . . .  ) 

8-5 . 8-3 . • 8-8 . 

8-4 • 

8-1 • 
8-2 . 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

Low Moderate 

Impact of Need 
High 

Llkeli­
lmpact hood n .. 

3 .0 
2.0 
2.2 
2.2 
1 .8 
1 .7 
2.2 
2.6 

2.6 
2.5 
3.4 
3.0 
3 .4 
4.0 
3.8 
3.4 

5 
4 
5 
5 
5 
6 
5 
5 
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Identification of Short-term R, D&D Targets 
- Gas Gathering -

- integrated gas or oi l  -

9-1 Compression 
9-2 Leak detection 
9-3 Plastic pipe (higher pressure rating) 
9-4 High pressure measurement 
9-5 MuHi-phase metering 

9-2 . 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - ��� ·- - - - - - - - -
1 9-3 • 

9-1 • 

- - - - - - - - - - - - - - - - -
�

- - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

Low Moderate 

Impact of Need 

1 
I 
I 
I 

High 

Llkell-
Impact hood n =  
4.2 3.0 5 
3.5 4.0 4 
4.0 3.5 4 
2.0 4.0 2 
4.3 3.7 3 
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Identification of Long-term R, D&D Targets 
- Gas Gathering -

- integrated gas or o i l  -

I I 9-1 Compression I 
I 9-2 Leak detection I 

9-3 Plastic pipe (higher pressure rating) 
9-4 High pressure measurement 
9-5 Multi-phase metering 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - · 

9-2 . 9-4 9-5 . 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - · 

9-1 • 

9-3 � �--------�----------�----------� 
Low Moderate 

Impact of Need 
High 

Like II-
Impact hood " "'  

4.0 2.0 2 
2.0 3.0 2 
3.0 1 .0 2 
2.3 3.0 3 
3.0 3.0 1 



� ....:! 

CD :a .!! 
.ii 
� 
b fti .t! 

� I  

I 
m m "'"" 

CD 
E 
E 
0 

u 
0 0 i 't:J CD 

c: "C CD o z 
>a CD :::E 
., .c: 
0 

-
- >.. o m 
c 

.c 
u � 
'8 
0 

.c 
·-

� 
:::i 

Identification of Short-term R, D&D Targets 
- Gas Storage -

- integrated gas or oi l  -

I • I 
I 1 0-6 I 
I I 
I I 

I 
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

1 0-5 . 

1 0-4 . 

1 0-3 • 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - I 

i 
- - :��J:"- - - - _tQ,L• _ _ _ _ _ _ _  _ 

1 1 0-1 Well deliverabllity restoration 
1 0-2 Leak detection and mitigation 
1 0-3 Reservoir management 
1 G-4 Gas migration control 
1 0-5 Base gas minimization techniques 
1 0-6 Inert base gas research 
1 0-7 Unconventional development techniques 

� �-------------*---------------�------------� 
Low Moderate 

Impact of Need 
High 

Llkell-
Impact hood n =  

4.4 2.4 7 
3.7 2.3 3 
4.1 2.7 7 
3.0 3.0 3 
4.5 3.5 4 
3.0 5.0 1 
3.7 2.3 3 
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Identification of Long-term R, D&D Targets 
- Gas Storage -

I 
I 
I 
I 
I 

- integrated gas or oi l  -

1 0-1 Well deliverabllity restoration 
1 0-2 Leak detection and mitigation 
10-3 Reservoir management 
1 0-4 Gas migration control 
1 0-5 Base gas minimization techniques 
1 0-6 Inert base gas research 
1 0-7 Unconventional development techniques 

- - - - - - - - - - - - - - - - - - 4 - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -
l I 
I I 
I I 
I 
I 
I 
I 
I 

1 0-5 . � 0-4 . 

1 0-6 . 
I 
I 
I 
I I 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - L - - - - - - - - - - - - - - - - - -
1 
I 

Low 

1 0-7 . 
1 0-2 . 

Moderate 

Impact of Need 

1 0-3 . 

1 0-1 • 

High 

Llkell-
Impact hood n =  

4.5 1 .5 4 
2.7 1 .7 6 
4.0 2.0 2 
2.6 3.0 5 
2.0 3.0 4 
2.1 2.7 7 
3.4 1 .8 5 
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Identification of Short-term R, D&D Targets 
- Environmental and Regulatory -

- integrated gas or oi l  -

I 1 1 1 -1 Disposal methods for drilling fluids I 1 1 -2 Treatment and disposal of produced fluids I I 1 1 -3 Screening procedures for Injection wells 
1 1 -4 Risk and reclamation analysis of 

1 1 -2 .  I 1 1 -5 
disposal methods 
Leak detection 

1 1 -6 Hydrological modeling 
1 1 -1 • I 1 1 -7 Compliance with CAAA stationary 

source Issue I 
- - - - - - - - - - - - ·- - - - - � - - - - - - - - - - - - - - - - - - L - - - - - - - - - - - - - - - - - - 1 1 -8 Advanced computation models to predict I I 

1 1 -8� I I I 1 1 -8 1 h -1 0• 1 1 -1 1� I 1 1 -9 I ./ 1 1 -12-• I "1 1 -1 3 1 1 -1 5_1 I I I I 
1 1 -4 • I I I 1 1 -7 .  I 1 1 -14• - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

1 1 -3 . I 

Low 

1 1 -5 . 

Moderate 

Impact of Need 

I I I 
I I 

High 

dispersion, transformation, and fate of air 
pollutants 

1 1 -9 Model transport and remediation of 
contaminants In ground water and soils 

1 1 -1 0 Effluent and emission monitoring, 
minimization, and control 

1 1 -1 1 Recycling of waste and byproduct streams 
1 1 -12 Remediation technology 
1 1 -1 3 Catalyst recycling 
1 1 -1 4  Provide scientific basis for risk-based 

regulation 
1 1 -1 5 NORM disposal 

Llkeli-
Impact hood 

4.0 4.0 
4.3 4.3 
2.0 2.0 
3.0 2.6 

3.4 2.2 
3.0 3.0 
4.3 2.5 

3.0 3.0 

4.0 3.0 

3.9 3.2 

3.0 3.0 
3.0 3.0 
4.0 3.0 
4.5 2.4 

3.0 3.0 

n =  
2 
3 
2 
5 

5 
1 
8 

7 

2 

9 

6 
5 
2 
8 

7 
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Identification of Long-term R, D&D Targets 
- Environmental and Regulatory -

- integrated gas or oi l -

I 
I 
I 
I 
I 

I I 
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

I I 
I I 
I I 
I I 

1 1 -1 3• I I 
I I 

1 1 -8 . 
1 1 -6 . 
• 1 1 -9 

I 
I 1 1 -\ 

• . 1 1 -1 5 
1 1 -1 1/ I I 

I 
I 

1 1 -1 • •1 1 -12: 
I 1 1 -3 . 

• 1 1 -2 
• 

1 1 -5 

I 
I 

1 1 -14• 
I 
I 
I 
I 
I 1 1 -7 • 
: 1 1 - 10• 

I I 
- - - - - - - - - - - - - - - - - 4 - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

I 

Low Moderate 

Impact of Need 

I 
I 
I 

High 

1 1 -1 Disposal methods for drilling fluids 
1 1 -2 Treatment and disposal of produced fluids 
1 1 -3 Screening procedures for injection wells 
1 1 -4 Risk and reclamation analysis of 

disposal methods 
1 1 -5 Leak detection 
1 1 -6 Hydrological modeling 
1 1 -7 Compliance with CAAA stationary 

source issue 
1 1 -8 Advanced computation models to predict 

dispersion, transformation, and fate of air 
pollutants 

1 1 -9 Model transport and remediation of 
contaminants In ground water and soils 

1 1 - 10 Effluent and emission monitoring, 
minimization, and control 

1 1 -1 1 Recycling of waste and byproduct streams 
1 1 -12 Remediation technology 
1 1 -1 3 Catalyst recycling 
1 1 -1 4  Provide scientific basis for risk-based 

regulation 
1 1 -1 5 NORM disposal 

Llkell-
Impact hood n = 

1 .9 2.7 7 
2.7 2.7 7 
2.3 2.5 8 
2.0 3.0 4 

2.6 2.6 5 
1 .5 2.8 8 
3.4 2.6 5 

1 .5 3.0 4 

1 .3 2.7 7 

4.0 2.5 4 

2.0 3.0 4 
2.0 2.7 6 
1 .6 3.3 7 
3.7 3.0 6 

2.3 3.0 3 
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Identification of Short-term R, D&D Targets 
- Exploration -
- independents -

1 - 1 30 Basin modeling 
1 -2 Risk assessment methods 
1 -3 High-resolution seismic depth imaging 
1 -4 Specialized seismic processing 
1 -5 Sequence stratigraphy techniques 
1 -6 Workstation seismic modeling 
1 -7 Geochemical analysis 
1 -8 Airborne/satellite remote sensing 
1 -9 I I Fault seal analysis 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - 1-1 0 Multi-component seismic techniques 1 I 
I 
I 
I 
I 

1 -S: • I 
I 
I 

1 -7 • 
1 -2 . 

I 
1 -9 • : 

I 
1 - ,6• 

I 
I 

I 1 •5 1 • 
: 1 - �0· I 1 -1 5 •  I 
I 1 ·1 1 • I 1 •4 • 1 ·3 • 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - ,�- . - - - - - - - - - - - - - - - -

Low 

1 1 - 14• 
1 -1 3 . • 1- 12 

I 
I 
I 
I 
I 
I 
I 

1 �6 • 

Moderate 

Impact of Need 
High 

1 -1 1 30 Paleostructural restoration 
1 - 12 Amplitude versus offset (AVO) in 30 
1 -1 3  30 Visualization tools 
1 - 14 Advanced seismic acquisition 
1 -1 5  Geographic information systems 
1 -1 6  Geophysical fracture-detection methods 

Like II-
Impact hood 

3.8 2.3 
3.0 3.0 
4.5 2.4 
4.2 2.4 
3.7 2.7 
3.8 1 .5 
2.9 3.2 
2.4 3 .2 
3.5 3.3 
3.8 2.6 
3.3 2.4 
3.9 2.1 
3.8 2.1 
4.2 2.2 
2.9 2.5 
3.8 3.1 

n =  
1 7  
1 9  
28 
24 
20 
27 
1 3  
1 0  
1 9  
1 8  
1 7  
26 
23 
26 
1 7  
20 
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Identification of Long-term R, D&D Targets 
- Exploration -
- independents -

I 
I 
I 
I 

I I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

1 -7 · 1 -2 • 
1 -8 • 

I I 

I 
I 
I 
I 
I 
I 
I 

1 -9 � I 
: 1 -16 . 
I 

I 

I I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ! _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Low 

1-1 • 
I 
I 
: 1 - 1 1 • • 1 - 10 
I 1 - 14 • 
: 1 -5 • 

1 - 15 • •1 -1 3  I 1 - 12 •
1 -4 . 

1 -6 • 

Moderate 

I mpact of Need 

1 -3 • 

High 

1 - 1 30 Basin modeling 
1 -2 Risk assessment methods 
1 -3 High-resolution seismic depth imaging 
1 -4 Specialized seismic processing 
1 -5 Sequence stratigraphy techniques 
1 -6 Workstation seismic modeling 
1 -7 Geochemical analysis 
1 -8 Airborne/satellite remote sensing 
1 -9 Fault seal analysis 
1 - 1 0 Multi-component seismic techniques 
1 - 1 1 30 Paleostructural restoration 
1 - 12 Amplitude versus offset (AVO) in 30 
1 -1 3  30 Visualization tools 
1 - 14 Advanced seismic acquisition 
1 - 15  Geographic information systems 
1 - 16 Geophysical fracture-detection methods 

Llkell-
Impact hood n =  

1 .9 2.1 1 5  
1 .7 2.7 14  
4.1 1 .4 1 1  
3.3 1 .6 14 
2.6 1 .9 1 8  
2.7 1 .4 5 
1 .4 2.8 1 8  
1 .5 2.5 21 
2.3 2.8 16  
2.9 2.1 1 7  
2.7 2.1 18 
3.0 1 .7 9 
2.3 1 .8 1 0  
2.7 2.0 12 
2.1 1 .8 17  
2.8 2.6 1 6  
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Identification of Short-term R, D&D Targets 
- Development-

- independents -

- - - - - - - - - i - - - - - - - - - - - - - - - - -- - - - - - - -
I 

- L - - - - - - - - - - - - - - - - - -

: 2 32 2-34 I • 
2-30 2-1. . lh 12-1 3  : 2-1�8 - :1 I 2•8 : • •  t21 •2-29 A2-31 

2-22 . : 2-23 o 
2-5 •2-2olo • �-1 4 .  

- - - - -

I 

I - - - -

2-20 • 

: 2-9 : • �:�� _ _ -z-h6•-·-z-1 5 - - - - � - -2:4 _ 2=27i 
• 2-1 q •  2-12  

- - - - -
2-6 • / 

I / 

- -

2-28 2-1 1 • •  \" 2-25 
2-26 ·: 2-3 • • 2-2 I 

: 2-1 
: 2-1 7 

Low Moderate 

Impact of Need 

I I I I 

High 

2-1 
2-2 
2-3 
2-4 
2-5 
2-6 
2-7 
2-8 
2-9 
2-1 0 
2-1 1 
2-12  
2-1 3 
2-14 
2-1 5 
2-1 6  
2-1 7  
2-1 8 
2-1 9 
2-20 
2-21 
2-22 
2-23 
2-24 
2-25 
2-26 
2-27 
2-28 
2-29 
2-30 
2-31 
2-32 
2-33 
2-34 

Advanced reservoir analog models 
Computer-based 3-D geological modeling 
Development-scale seismic applications 
Tracers (biologic/chemical/radioactive) 
Core analysis/imaging 
Geostatistical reservoir descriptions 
Outcrop analog studies 
Fluid-rock interaction 
Rock physics 
Cross-well geophysical imaging 
Advanced attribute processing 
Seismic/log/core calibration 
Cuttings analysis 
Reservoir property Identification 
Through casing logging 
Deep investigation techniques 
High resolution borehole imaging logs 
Specialized core analysis 
Characterization of rock wettability 
Permeability logging techniques 
Tracer techniques 
CT scanning and NMR imaging 
Formation water chemistry 
Fluid sampling and analysis 
Advanced reservoir simulation modeling 
Workstation single well simulations 
Procedures for data scale-up 
Expert systems applications 
Time lapse seismic imaging 
Advanced monitoring of EOR processes 
Advanced well testing and interpretation 
Material balance applications 
Decision and risk analysis 
Expendable well bore instrumentation 

Llkell­
lmpact hood n = 

3.6 
4.4 
4.2 
2.7 
3.0 
3.0 
2.4 
3.4 
2.7 
3.7 
3.5 
3.9 
3.1 
3.9 
3.9 
3.8 
3.6 
3.0 
2.9 
4.4 
2.7 
2.2 
2.7 
3.3 
3.9 
3.6 
3.0 
3.2 
3.0 
3.1 
3.4 
2.6 
3.0 
2.6 

2.0 
1 .7 
1 .7 
2.4 
2.6 
2.2 
3.2 
2.6 
2.5 
2.2 
2.0 
2.0 
2.9 
2.5 
2.3 
2.3 
2.0 
2.9 
3.0 
2.8 
2.8 
2.8 
2.7 
2.6 
2.0 
1 .8 
2.3 
2.2 
2.8 
3.0 
2.6 
2.8 
2.4 
2.8 

16 
23 
24 
1 3  
1 8  
1 8  
12  
1 8  
1 5  
1 8  
1 6  
25 
14 
22 
24 
22 
20 
14  
1 5  
24 
1 1  
1 2  
14 
1 5  
21 
1 7  
8 

10  
8 

1 3  
1 8  
1 3  
14 
8 
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Identification of Long-term R, D&D Targets 
- Development-

- independents -

- - - - - - - - - � - - - � - - - - � - - - - - - - - - - - - - - - - - - L - - - - - - - - - - - - - - - - - -

2-1 9• 

I 
I 
I 

2-23 I 

\ • Z-24 
Ill • 2-7 I 

2-9 � 
2-1 3• 2-1 1 111 

2-1 8111 I Ill 2-1 0  2-22 

I 
I 

2-4 2-6 �2-21 
· � 2-34� I 

2•27-• Ill Ill • 2-33 • 2·1 7  •2•12 I - - - - - - .2:28i ·- _2:-2\�3f• - ��ls• ·�fa - - - t - - - - - - - - - - - - - - - - - - ·  6 \ I 2-14• I 

Low 

2-3 2-5 : 2-3 • 2-1 5• • :2-20 
I 
I 
I 
:2-26• 
I I 
I 2-2 • I 
I 
I 
I 
I 

Moderate 

Impact of Need 
High 

2-1 Advanced reservoir analog models 
2-2 Computer-based 3-D geological modeling 
2-3 Development-scale seismic applications 
2-4 Tracers (biologic/chemicaVradioactlve) 
2-5 Core analysis/Imaging 
2-6 Geostatistlcal reservoir descriptions 
2-7 Outcrop analog studies 
2-8 Fluid-rock Interaction 
2-9 Rock physics 
2-1 0  Cross-well geophysical Imaging 
2-1 1 Advanced attribute processing 
2-12  Seismic/log/core calibration 
2-1 3  Cuttings analysis 
2-14  Reservoir property identification 
2-1 5 Through casing logging 
2-16 Deep investigation techniques 
2-17 High resolution borehole imaging logs 
2-1 8 Specialized core analysis 
2-1 9 Characterization of rock wettabllity 
2-20 Permeability logging techniques 
2-21 Tracer techniques 
2-22 CT scanning and NMR imaging 
2-23 Formation water chemistry 
2-24 Fluid sampling and analysis 
2-25 Advanced reservoir simulation modeling 
2-26 Workstation single well simulations 
2-27 Procedures for data scale-up 
2-28 Expert systems applications 
2-29 Time lapse seismic imaging 
2-30 Advanced monitoring of EOR processes 
2-31 Advanced well testing and interpretation 
2-32 Material balance applications 
2-33 Decision and risk analysis 
2-34 Expendable well bore Instrumentation 

Llkell-
Impact hood n = 

1 .9 2.6 1 6  
3.0 1 .4 1 0  
2.7 2.1 1 1  
2.0 2.7 21 
1 .9 2.3 1 5  
2.0 2.8 1 8  
1 .9 3 .2 1 8  
2.9 2.4 1 7  
2.3 3.1 20 
2.6 2.9 1 7  
2.3 3.0 16  
3.2 2.5 1 1  
1 .8 3.0 1 8  
3.1 2 .2 1 5  
3.4 2.1 14 
3.1 2.3 1 5  
2.7 2.5 1 3  
1 .6 2.9 1 6  
1 .6 3.2 1 7  
3.6 2.1 14 
2.1 2.5 22 
2.0 2.5 1 9  
1 .8 3.2 1 8  
2.2 3.3 16  
3.0 2.3 1 5  
2.6 1 .7 1 5  
1 .8 2.5 22 
1 .8 2.4 1 8  
2.3 2.4 21 
1 .8 2.3 1 9  
2.5 2.3 16  
2.3 2.8 1 9  
2.3 2.5 16 
2.0 2.7 20 
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Identification of Short-term R, D&D Targets 
- Dri l l ing and Completion -

- independents -

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

3-8 • 
3-9 • 3-6 • 

3-4 • 
3-5 • 

3-1 0 • I 3•3 .  
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

3-1 3 . : 
3-1 1 • : 

I 
3-12 • : • 3-2 

3-7 • 

3-1 • 

�-------------------------------------------� 
Low Moderate 

Impact of Need 
High 

3-1 Horizontal well bore applications 
3-2 Drilling fluid design 
3-3 Advanced fracture techniques 
3-4 Cementing 
3-5 Perforating and well bore cleanup 
3-6 Well productivity 
3-7 Multilateral technology 
3-8 Innovative bit and tubular technology 
3-9 Slim hole drilling 
3-1 0 Under balanced drilling 
3-1 1 Measurements while drilling 
3-1 2  Coiled tubing drilling 
3-1 3 Unconventional drilling technology 

Llkell-
Impact hood 

4.0 1 .5 
3.7 1 .9 
4.1 2.4 
3.5 2.6 
4.0 2.5 
4.3 2.7 
3.3 1 .8 
3.5 2.8 
3.0 2.7 
3.5 2.4 
3.6 2.1 
3.6 1 .9 
3.6 2.2 

n =  
26 
21 
26 
21 
24 
25 
1 3  
1 8  
14  
1 0  
23 
1 5  
1 2  
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Identification of Long-term R, D&D Targets 
- Dri l l ing and Completion -

- independents -

3-1 Horizontal well bore applications 
3-2 Drilling fluid design 
3-3 Advanced fracture techniques 
3-4 Cementing 
3-5 Perforating and well bore cleanup 
3-6 Well productivity 
3-7 Multilateral technology 
3-8 Innovative bit and tubular technology 
3-9 Slim hole drilling 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - 3-1 0 Under balanced drilling 

3-9 • 
3-1 3• 

1 

3-8 • 
3-1 0 . � 3-4 

3-7 . 
I 

3-5 • 

- - - - - - - - - - - - - - 3� - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

Low 

3-1 �· 3-1 1 •  
I 

3-6 • 
3-3 • 

3-1 • 

Moderate 

Impact of Need 
High 

3-1 1 Measurements while drilling 
3-12 Coiled tubing drilling 
3-1 3 Unconventional drilling technology 

Llkell-
Impact hood n =  

3.4 1 .2 1 1  
2.3 2.3 1 6  
3.0 1 .9 7 
2.3 2.6 1 5  
2.8 3.0 9 
3.2 2.0 1 0  
2.5 2.5 1 9  
2.2 2.7 1 8  
1 .7 2.9 1 9  
2.2 2.6 1 9  
3.0 2.2 1 3  
2.4 2.2 1 9  
1 .9 2.8 20 
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Identification of Short-term R, D&D Targets 

I 
I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4-20• I 
4-24• 4-23� : 

- Production -
- independents -

4-1 Injection water treatment 
4-2 Produced water treatment 
4-3 Corrosion control 
4-4 Scaling inhibitors 
4-5 Paraffin controUremoval 
4-6 Oil/water/gas/separation 
4-7 Beam pump analysis 
4-8 Gas lift analysis 
4-9 Submersible pump analysis 

- - -
-

- - - - -
- -

- - - - - -
4

- - - - - -
-

- - - - - - - - - - - � - -
-

- - - - - - - - -
-

- - - -
-

· 
4-1 0 Rod/tubing wear evaluation 

4-21 • 4-16 •  : 4�1 9 • . 4•1 1  I 
4-22• : 

4-7 4-1 0 : 

4-1 5  4-8 . �- 4-6 : 4-5 . 
4-12• • 4-27 

4-1 8• 4-9 • 4-3 .: 
4-1 r : · 4-4 
4-2 : 

4-2t • 4-25 
- - - - - - - - - - - - - - - - - .J - - - - - - -

- 4J=f4"11i - - - - - =-..-a-·- - - :iJ:fflll - - - - - - - .  

Low Moderate High 
Impact of Need 

4-1 1 stimulation techniques 
4-12  Gas compression techniques 
4-1 3 Recompletion techniques 
4-14  Remote control and data analysis 
4-1 5 Compact processing on offshore platforms 
4-16  Modification of reservoir fluid mobilities 
4-1 7 Miscible contact/displacement 
4-1 8 Viscosity reduction of heavy oils 
4-1 9 In situ generation of foams/emulsions 
4-20 Thickeners for C02 floods 
4-21 Microbial EOR processes 
4-22 High-velocity gas flow modeling 
4-23 Thermal processes 
4-24 Combustion processes 
4-25 Near well bore stimulation 
4-26 New directional drilling 
4-27 Advanced recovery of natural gas 

Llkell-
Impact hood n =  

3.5 2.7 21 
3.5 2.7 22 
3.6 2.8 25 
3.7 2.7 27 
4.1 3.0 25 
3.2 3.0 20 
3.1 2.9 1 9  
2.7 3.0 1 7  
3.3 2.8 1 8  
3 . 1  2.9 1 9  
4.4 2.3 29 
3.9 2.9 23 
3 .9 2.3 28 
3.2 2.3 1 8  
2.3 3.0 1 1  
2.7 3 .6 14  
2.6 3.5 1 1  
3.0 2.8 12 
2.5 3.5 8 
2.0 3.9 7 
2.3 3.6 7 
2.7 3.4 1 1  
2.3 3.8 8 
1 .9 3.8 8 
4.0 2.4 24 
3.7 2.4 19  
4.1 2.9 20 
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Identification of Long-term R, D&D Targets 
- Production -

- independents -
Llkell-

lmpact hood n = 

Cl) -§, 4-1 Injection water treatment 2.5 3.0 1 6  
:S :E 4-2 Produced water treatment 2.7 2.7 14  
ca 4-3 Corrosion control 3.0 2.2 1 0  
=; 4-4 Scaling Inhibitors 3.5 2.0 1 0  
> 4-5 Paraffin control/removal 3.1 2.7 12  <C 4-6 Oil/water/gas/separation 2.8 2.9 1 5  
?= 4-23 4-7 Beam pump analysis 2.0 2.8 1 2  
.!! 4-24 : 4-8 Gas lift analysis 1 .9 2.5 1 5  � 1 : 4-9 Submersible pump analysis 1 .9 2.1 1 3  
Cl) � - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - } - - - - - - - - - - - - - - - - - - 4-1 0 Rodltubing wear evaluation 2.1 3.0 1 3  E � .: 4-16  : 4-1 1 Stimulation techniques 4.6 2.0 8 E -c 

4
�2j-20 : : 4-1 2 Gas compression techniques 3.0 2.7 12  tj ffi Q) • 4-1 0: 4-1 3  Recompletion techniques 4.4 2.3 6 

..., m 1! -1 9 • • 4-21 / : 4-14  Remote control and data analysis 1 .4 2.0 14 
0 m � 4-1��1:�1 7• •  4�1 • 4-6 • 4

1
-12 4-1 5  Compact processing on offshore platforms 1 .6 3 .0 1 7  Z ..- � 4 t-7 • : 4 2 4 5 4-16 Modification of reservoir fluid mobilities 2.3 3.5 1 1  � 5i -

• -
• • •4-27. 4-1 7 Miscible contact/displacement 2.0 3.0 1 9  

.2 1 4-8 • 4-26. 4-1 8 Viscosity reduction of heavy oils 1 .8 2.9 1 9  
0 CD _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - .- - - - - - - - 4-1 9 ln situ generation of foams/emulsions 1 .3 3.1 20 ,E m 4-3 • 4-1 3 4-20 Thickeners for C02 foods 1 .3 3.3 22 
U 1 4_1 4• 4_4 • • 4_25 4_1 h 4-21 Microbiai EOR processes 1 .6 3.1 20 {!! 4-22 High-velocity gas flow modeling 1 .5 3.4 1 9  

"C 4-23 Thermal processes 1 .2 3.2 1 9  
0 4-24 Combustion processes 1 .2 3.2 1 9  _g 4-25 Near well bore stimulation 3.6 2.0 1 0  

= 4-26 New directional drilling 2.7 2.5 1 2  
� := 4-27 Advanced recovery of natural gas 3.4 2.6 14  
·- 0 ..J ...J 

Low Moderate High 
Impact of Need 
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Identification of Short-term R, D&D Targets 
- Deepwater Offshore -

- independents -

5-1 Produced fluid disposal 
5-2 Extended reach drilling or production 
5-3 Extended reach control systems 
5-4 High pressure systems 
5-5 Flowlines 
5-6 Flow metering 
5-7 Subsea equipment 
5-8 External corrosion protection 
5-9 Risers 

- - - - - - - - - - - - � - - - - � - - - - - - - - - - - - - - - - - - L - - - - - - - - - - - - - - - - - - 5-1 0  ROV systems 

5-9 • 

I 
I I 
I I 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - L - - - - - - - - - - - - - - - - - -

5-2 • I 5-6 • 

5-7 ........ 
5-1 1

.? I t� � I 
I 

5-5l I 
I 5-1 4 _  

5-8 I 5-1 5 I I 
I I 5-16  
I • I • I I 

Low Moderate High 
Impact of Need 

5-1 1 Drilling 
5-12  Workover 
5-1 3 Water/gas injection 
5-14  Hydrate prevention 
5-1 5 MuHi-phase pumps 
5-16 Structures 

Llkell-
Impact hood n =  

5.0 1 .0 1 
3.0 2.0 3 
5.0 1 .0 1 

3.0 1 .0 1 
4.0 2.0 2 
3.0 1 .7 3 
3.0 1 .0 1 
3.0 3.0 1 

3.0 1 .7 3 

5.0 1 .0 1 
5.0 1 .0 1 
4.0 1 .0 2 
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Identification of Long-term R, D&D Targets 
- Deepwater Offshore -

- independents -

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - ·  
I 
I 

I 
I 
I 
I 

5-1 3. 
I 
I 
I 
I 

5·9 I •5-3- - -�a·- - - - - - -�· - - - - - :�-fs• - - - - - - - - � - - - - - - - - - - - - - - - - - -
5-1 2 : 

Low 

I 
I 
I 
I 5-4, 5-1 0, I 

5-5/
. 

5-14/, 
I 
I 
I 
I 
I 

5-5 � 

5-1 
5-2�• 
5-1 1/ 15-5 

5-7 
.v5·16 

Moderate 

Impact of Need 
High 

5-1 Produced fluid disposal 
5-2 Extended reach drilling or production 
5-3 Extended reach control systems 
5-4 High pressure systems 
5-5 Flowlines 
5-6 Flow metering 
5-7 Subsea equipment 
5-8 External corrosion protection 
5-9 Risers 
5-1 0 ROV systems 
5-1 1 Drilling 
5-12 Workover 
5-1 3 Water/gas injection 
5-14  Hydrate prevention 
5-1 5 MuHi-phase pumps 
5-16 Structures 

Llkell-
Impact hood n = 

3.0 1 .7 3 
3.0 1 .7 3 
2.3 1 .0 3 
1 .7 1 .7 3 
1 .7 1 .7 3 
3.0 1 .0 2 
3.0 1 .0 3 
1 .7 2.3 3 
2.3 2.3 3 
2.3 1 .7 3 
3 .0 1 .7 3 
2.3 2.3 3 
2.3 3.0 3 
2.3 1 .7 3 
3.0 2.3 3 
3.0 1 .0 3 
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Identification of Short-term R, D&D Targets 
- Arctic Region Activities -

t l  

� Q) "0 0 ::1: 

' 
I 
I 
I 

I 
I 
I 
I 
I 

' 
I 
I 
I 

- independents -

•1 6-1 
6-5 6-2 

6-3 
6-4 
6-5 
6-6 
6-7 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - L - - - - - - - - - - - - - - - - - -
1 

I 
I 
I 
I 
I 

6-7 • 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - L - - - - - - - - - - - - - - - - - -

6-1 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

6-3 J I � I l 6-4-i 1 6-2 • 

Low Moderate 

Impact of Need 
High 

Transportation 
Exploration 
Development 
Drilling 
Production 
Deepwater offshore activities 
Mobile ice 

Llkell-
Impact hood n =  

3.0 1 .0 1 
5.0 1 .0 1 
3.0 1 .0 1 
3.0 1 .0 1 
5.0 5.0 1 

5.0 3.0 1 
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Identification of Long- term R, D&D Targets 
- Arctic Region Activities -

I 
I 
I 
I 
I 
I 
I 
I 
I 

- independents -

6-1 Transportation 
6-2 Exploration 
6-3 Development 
6-4 Drilling 
6-5 Production 
6-6 Deepwater offshore activities 
6-7 Mobile Ice 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

6-6 • 

I 
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - -

Low Moderate 

Impact of Need 

6-2 \. 6-7 � • 
High 

Llkell­
lmpact hood n = 

5.0 

3.0 
5.0 

1 .0 

3.0 
1 .0 

1 

1 
1 



0 
I 

...... ...... 
c.> 

G) :a ..! "i 
� 
� "i -� 
G) 
E 
E 
0 

0 
0 
z 

� 
0 

"S c .c (,) � 
"C 
0 
0 
:5 
� 
::i 

m 
m 
m """ 

.c: 0) J: 

- Q) 0 1U 
"0 ... c Q) Q) "8 Q) � .c -
>. 
aJ 

� 

Identification of Short-term R, D&D Targets 
- Oi l  Processing and Refining -

- independents -

7-1 

I 
I 
I 
I 

- - - - - - - - - - - - - - � - - - - - 1��� - - - - - - - - � - - - - - - - - - - - - - - - - - -

- -
- : . __... 7-6 I 

7-2 
7-3 
7-4 
7-5 
7-6 
7-7 
7-8 
7-9 
7-1 0  
7-1 1 

7-3 • "' 7-1 3 ' I  

I 7-1 2  
7�2 • \. 

7-14/ 
I 
I 
I 

7-21 : • 

I 

7-27 \ .  
7-28/ 

I 
I : 7-9 , 7-20 • : 7-1 • 

7-5 \ 
7-22;

· 

7-12 
7-1 3  

7-8 • J _ _ _ _  ]:11� _ _ _ _ _ _ _ _  :_ _ _ _ _  T--re •- 7.:-nr• - - -- - - - - - - - - - - - - - - - 7-24/ /1
-�f 7-16 • 

7-1 7 . 

7-1 4 
7-1 5 
7-16 
7-1 7 
7-1 8  
7-1 9 
7-20 

Low Moderate 

Impact of Need 

7-21 
7-22 

7-26 • 7-25 • I 7-23 
7-24 

7-25 -
High 7-26 

7-27 

7-28 

Catalysts with improved selectivities, 
yields, lifetimes 
Hydrogen production and recovery 
Plant and process reliability 
Unconventional process technology 
New materials of construction 
Reactor engineering and modeling 
Catalyst manufacturing technology 
Risk assessment methodology 
Solid acid catalysts 
Alternatives to olefin alkylation process 
Techniques for integration of environmental 
solutions into process and plant design 
Improved on-line NDE inspection technology 
Predicting useful remaining lifetimes 
of aging equipment 
Robotics for safety applications 
Worker safety systems 
Energy efficiency of processes 
Energy efficiency of equipment 
Energy efficiency of separations 
Separations technologies 
Determining chemical composition of 
crudes, refinery intermediates, and products 
New approaches to refining heavy feeds 
Processing synthetic fuels 
Conversion of methane to liquid fuels 
Relating chemical compositions to process 
and product performance 
Advanced computational modeling of 
processes/reactions 
Advanced control and information systems 
Performance characteristics of new 
hydrocarbon fuel compositions 
Environmental characteristics of new 
hydrocarbon fuel compositions 

Llkell­
lmpact hood n = 

4.3 

2.5 
3.0 

5.0 
3.0 
3.7 
1 .8 
3.0 
3.0 
3.0 

3.0 
3.0 

3.0 
3.7 
4.1 
4.7 
4.7 
4.3 
3.5 

3.7 
5.0 

3.0 

4.5 

4.0 
4.3 

4.3 

2.5 

3.0 
3.4 

3.0 
3.5 
2.3 
2.5 
2.3 
3.7 
2.3 

3.0 
3.5 

3.0 
2.3 
2.1 
2.0 
2.3 
2.3 
2.5 

3.0 
3.0 

2.3 

1 .5 

1 .5 
3.0 

3.0 

8 

4 
5 

1 
4 
3 
4 
3 
3 
3 

5 
4 

1 
6 
7 
6 
6 
6 
4 

3 
1 

3 

4 

4 
3 

3 



t1 � Identification of Long-term R, D&D Targets 
� 

- Oi l  Processing and Refining -
- independents - Llken-

tmpact hood n = 

7-1 Catalysts with improved selectivities, 3.5 1 .5 4 
yields, lifetimes 

CD a 7-2 Hydrogen production and recovery 3.3 1 .6 7 
::C :f 7-3 Plant and process reliability 2. 7 2.1 7 .!!! 7-4 Unconventional process technology 2.3 2.3 8 ·; 7-5 New materials of construction 3.0 1 .5 8 � 7-6 Reactor engineering and modeling 2.2 2.2 5 
>. 7-7 Catalyst manufacturing technology 2.4 2.1 7 

= 7-8 Risk assessment methodology 1 .  7 2.1 7 .!! 7-22 • 7-9 Solid acid catalysts 2.3 2.3 6 � 1 1 7-1 0  Alternatives to olefin alkylation process 2.1 2.4 7 � � - -7
-
23-.- - - - - - - - - - - , - - - - - - - - - - - - - - - - - - r - - - - - - - - - - - - - - - - - - 7-1 1 Techniques for integration of environmental 2.3 2.0 6 

E � solutions into process and plant design 
o -g 7-12  Improved on-line NDE inspection technology 1 .8 1 .8 5 

0 m .! 7-1 3 Predicting useful remaining lifetimes 2.3 3.0 6 
0 m � 7-1 3  7-24 . of aging equipment 
z � "8 7-14  Robotics for safety applications 1 .5 2.3 8 
:-. c :::E [7-4 7-1 5 Worker safety systems 2.6 2.2 5 
a» :8 7-9 7-1 6  Energy efficiency of processes 4.0 2.0 4 
.2 .! 7_1 0 • 7_1 5 7-1 7 Energy efliciency of equipment 3.8 1 .8 5 g � - -7-·v,-. - - - - - - - - - -. - - - - t- - - - - - - - - - - - - r - - - - - - - - - - - - - - - - - - 7-1 8 Energy efliciency of separations 3.0 1 .5 4 
.c 1 7_8 • 7-6

;_7: . 
•--;.

7
:,� i 7-19 Separa!i�ns techn?logies . .  4.0 1 .0 4 

� 7-1 1 • 7-21 • 1 7-1 6  • 7-20 Determm1ng chem1cal composition of 2.2 1 .4 5 
1- 1 2-7l : crudes, refinery intermediates, and products 
"C 7-12 • 

-(' 
- : 7-5

\ 
7-1:7 • 7-21 New approaches to refining heavy feeds 3.3 2.0 6 8 1-28 7-1 8

� 7-2 • : 7-22 Processing synthetic fuels 1 .6 3.9 1 
:5 7_20 • 1 7_26 : 7-1 • 1 7-23 Conversion of methane to liquid fuels 1 .5 3.6 8 
-:: 1 ' 7-24 Relating chemical compositions to process 3.0 3.0 6 - :> I I � f) 1 1 7-1 9 and product performance 
..J ...J 1 1 7-25 Advanced computational modeling of 2.6 2.2 5 

Low Moderate High processes/reactions 

I t f N d 7-26 Advanced control and information systems 3.0 1 .4 5 
m pac 0 ee 7-27 Performance characteristics of new 2.0 1 .7 6 

hydrocarbon fuel compositions 
1-28 Environmental characteristics of new 2.0 1 .  7 6 

hydrocarbon fuel compositions 



CD :a .!! ·; 
� 
b 
1i ·-� 
CD 
E 
E 
0 

0 

0 
z 
>. 
c:D 
0 

0 
c 

.c 
u � 

, 
0 
0 

.c 
·--
CD � ·-..I 

tJ 
I --

O'l 

� I 

I 
en en en ..... 
0 .S:! 
-g i CD 0 CD ::::E .c -
>. 

III 

I I I I 

Identification of Short- term R, D&D Targets 
- Gas Processing -

- independents -

I I 8-1 Gas dehydration I 8-2 Acid gas removal I I 8-3 H2S scavenger technology 
8-4 Natural gas liquid separation 
8-5 Nitrogen separation 

8-1 1 8-6 Trace constituent (arsenic, Hg, etc.) removal 
8-2 : 8-7 Sulfur recovery 

8-7 . 8-4 : 8-6 . 8-8 Separation of high concentrations of . I 
impurities (nitrogen, cq, 11zS . . .  ) 8-3 . I I 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

8-8 . 
8-5 . 

I 
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - L - - - - - - - - - - - - - - - - - -

� �------------�---------------._------------� 
Low Moderate 

Impact of Need 
High 

Like II-
Impact hood n =  

3.6 3.9 7 
3.6 3.9 7 
3.5 3.8 8 
3.6 3.9 7 
3.4 3.4 5 
4.0 4.0 2 
3.0 4.0 4 
4.3 3.5 8 
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Identification of Long-term R, D&D Targets 
- Gas Processing -

- independents -

I 
8-6 . : I I I 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - · 

8-5 . 

8-7 . 

8-3 • 

I I I I 8-1 . I 
: 8-4 . I 

8-2 • I 
I I I I I 

8-8 • 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - ·  

Low Moderate 

Impact of Need 
High 

8-1 
8-2 
8-3 
8-4 
8-5 
8-6 
8-7 
8-8 

Gas dehydration 
Acid gas removal 
H2S scavenger technology 
Natural gas liquid separation 
Nitrogen separation 
Trace constituent (arsenic, Hg, etc.) removal 
Sulfur recovery 
Separation of high concentrations of 
impurities (nitrogen ,  cq, Ji2S . . .  ) 

Llkell-
Impact hood 

2.8 3.4 
2.4 3.0 
2.0 2.7 
2.6 3 .2 
1 .7 3.3 
1 .4 3.9 
1 .3 3.0 
3.0 2.7 

" ""  
1 1  
6 
7 

1 0  
8 
9 
8 
6 
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- Gas Gathering -

- independents -

I I 
I I 
I I 
I I 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

I 

9-5 • 

9-4 • 
9-2 . 

9-3 • 

9-1 • 
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - L - - - - - - - - - - - - - - - - - - · 

I 9-1 
9-2 
9-3 
9-4 
9-5 

Compression 
Leak detection 
Plastic pipe (higher pressure rating) 
High pressure measurement 
Multi-phase metering 

� --------------�-----------------------------� 
Low Moderate 

Impact of Need 
High 

Llkell-
Impact hood n =  

4.5 2.5 16  
3.2 2.6 1 0  
4.0 2.8 8 
3.0 2.7 7 
3.0 3.3 8 
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Identification of Long-term R, D&D Targets 
. - Gas Gathering -

9-5 • 

- independents -

9-1 Compression 
9-2 Leak detection 
9-3 Plastic pipe (higher pressure rating) 
9-4 High pressure measurement 
9-5 Multi-phase metering 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - -
9-3 � 

- - - - - - L - - - - - - - - - -

1 

- - - - - - - -

1 
I 
: 9-4 • 
I 
I 
I 

9-2 � 
I 
I 
I 
I 
I 

9-1 . 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

Low Moderate 

Impact of Need 
High 

Liken-
Impact hood n = 

4.5 3.0 4 
2.3 2.8 8 
2.3 3.5 8 
2.6 3.2 1 0  
2.6 3.9 1 1  



9 ....... ....... 
co 

Identification of Short-term R, D&D Targets 
- Gas Storage -
- independents -

CD 2i 
ca -
� 
b 
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� I I I 
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I I 
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E 
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0 
15 
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! 
8 
:5 
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I 

rt 0-1 
: \. 1 o-sl I 

== I I I 10-3\ 
Q I I 
� : I 1�-

Low Moderate 

Impact of Need 
High 

1 1 0-1 Well deliverability restoration 
1 0-2 Leak detection and mitigation 
1 0-3 Reservoir management 
1 0-4 Gas migration control 
1 0-5 Base gas minimization techniques 
1 0-6 Inert base gas research 
1 o-7 Unconventional development techniques 

Llkell-
Impact hood n =  
4.0 2.0 2 
5.0 3.0 3 
5.0 1 .0 1 
4.3 2.3 3 
5.0 1 .0 1 
4 .0 2 .0 2 
5.0 3.0 3 
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Identification of Long-term R, D&D Targets 
- Gas Storage -
- independents -

a I ! ! 1 1 0-1 Well deliverability restoration 
J: : : 1 0-2 Leak detection and mitigation 

1 0-3 Reservoir management 

s j 

� 
Low 

1 0-5 . 

1 0-6 . 

1 0-1 '\. 
1 0-71 

Moderate 

Impact of Need 

1 0-4 . 1 0-3 . 

1 0-2 . 

High 

1 0-4 Gas migration control 
1 0-5 Base gas minimization techniques 
1 0-6 Inert base gas research 
1 0-7 Unconventional development techniques 

Llkell-
lmpact hood n = 
3.0 3.0 3 
5.0 2.0 2 
5 .0 3.0 2 
4.0 3.0 2 
2.0 2.0 2 
1 .7 1 .7 3 
3.0 3.0 2 
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Identificatio n  of Short-term R, D&D Targets 
- Environmental and Regulatory -

- independents -

Likell-
lmpact hood n = 

CD ..c 1 1 -1 Disposal methods for drilling fluids 3.5 2.6 24 
:C :f 1 1 -2 Treatment and disposal of produced fluids 3.5 2.6 25 
.!! 1 1 -3 Screening procedures for injection wells 2.6 2.5 16 
·; 1 1 -4 Risk and reclamation analysis of 3.5 2.7 21 
> disposal methods c( 1 1 -5 Leak detection 3.6 1 .6 20 � 1 1 -6 Hydrological modeling 3.0 2.3 9 
.! 1 1 -7 Compliance with CAAA stationary 3.5 2.5 21 � source Issue CD 1 ·· - - - - - - - - - - - - - - - - 1 - - - - - - - - - - - - - - - - - - L - - - - - - - - - - - - - - - - - - · 1 1 -6 Advanced computation models to predict 3.2 2.6 1 0  E
E m dispersion, transformation, and fate of air 

en pollutants 8 ;: .! 1 1 1 -9 Model transport and remediation of 3.4 2.5 1 5  ..,. � l! contaminants in ground water and soils � c � 1 1 _1 1 1 -1 0  Emuent and emission monltoring, 3.4 2.3 1 9  : � 1 � minimization, and control � £ 1 1 -3 1 1 _8 .1 1 ·
4 : •:1 1 -1 2 1 1 •2 1 1 -1 1 Recycling ofwaste and byproduct streams 3.4 2.4 1 0  

.2 � : 1 1 _1 3)• 
_ :\::1 1 1 -14 • 1 1 -12 Remediation te.chnology 3.6 2.7 1 8  g 1 - - - - - - - - - - - - - - - - - -' - - - - - n 6- - H -M- -,- - - -f1:15 - - - - - - - - - - - 1 1 -1 3 Catalyst recycllng 2.8 2.5 8 

.c : - • - • • 1 1 -14 Provide scientific basis for risk-based 4.3 2.5 22 
. ,  I I ... : : 1 1 _7 regulation � 1 �1 1 -9 1 1 -1 5 NORM disposal 3.9 2.3 20 I I 'C I 1 1 -5 .I 
0 

I I I I 
0 I I 

.c 
·-

CD 
� � ...I ...J 

Low Moderate High 
Impact of Need 
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Identification of Long-term R, D&D Targets 
- Environmental and Regulatory -

- independents -

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 1 -1 3 • 

. 1 1 -4 
1 1 -3 • 111 1 1 -1 1 

1 1 -6 . 1 1 -8 • • � 1 1 -7 
1 1 -S: I 1 1 - 12 

1 1 -1 $ •  \ 1 1 -9 . 1 1 1 - 10 • . • 1 1 -2 I 

I 

- - - - - - - - - - - - - - - - - � - - - 1 1�4� - - - - - - - - - - - - - - - - - - - - - - - - - - - ·  

I 1 1 -1 • I 
I 
' 
I 
. 

Low Moderate High 
Impact of Need 

1 1 -1 Disposal methods for drilling fluids 
1 1 -2 Treatment and disposal of produced fluids 
1 1 -3 Screening procedures for injection wells 
1 1 -4 Risk and reclamation analysis of 

disposal methods 
1 1 -5 Leak detection 
1 1 -6 Hydrological modeling 
1 1 -7 Compliance with CAAA stationary 

source Issue 
1 1 -8 Advanced computation models to predict 

dispersion, transformation, and fate of air 
pollutants 

1 1 -9 Model transport and remediation of 
contaminants In ground water and soils 

1 1 -1 0 Effluent and emission monitoring, 
minimization, and control 

1 1 -1 1  Recycling of waste and byproduct streams 
1 1 -12 Remediation technology 
1 1 -1 3 Catalyst recycling 
1 1 - 14 Provide scientific basis for risk-based 

regulation 
1 1 -1 5 NORM disposal 

Llkell-
Impact hood 

3.0 2.2 
3.0 2.5 
2.2 2.9 
2.3 3.0 

2.1 2.8 
1 .4 2.8 
2.3 2.8 

1 .9 2.8 

1 .8 2.5 

2.7 2.5 

2.3 2.9 
2.8 2.5 
1 .6 3.3 
2.9 2.3 

2.4 2.6 

n a  
1 2  
1 1  
1 6  
1 5  

20 
26 
1 8  

26 

24 

20 

27 
23 
27 
1 9  

1 7  
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Identification of Short-term R, D&D Targets 
- Exploration -

- service companies -

m m m 

.c 
.!2> J: 

..... Q) '0 [!! 1J Q) c: "B : � .c: -
>. 

m 

1 -1 • 
I 
I 
I 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

1 -2 

1 -9 )- 1 - 16• 

I 

1-4 . 

1 -5 • 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  j _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  �a:• - - - - - - - - - - - - - - - - -

1 -8 . 

1 
I 
I 
I 
I 
I 

1��· 

1-1 4 •  

I I I 1 •6 
� 1 /1-1 1  : 1 - 1 5  : t1 -1 3  1 __. • I • • • 

Low Moderate 

Impact of Need 
High 

1 -1  30 . Basin modeling 
1 -2 Risk assessment methods 
1 -3 High-resolution seismic depth imaging 
1 -4 Specialized seismic processing 
1 -5 Sequence stratigraphy techniques 
1 -6 Workstation seismic modeling 
1 -7 Geochemical analysis 
1 -8 Airborne/satellite remote sensing 
1 -9 FauH seal analysis 
1 - 10  MuHi-component seismic techniques 
1 - 1 1 30 Paleostructural restoration 
1 -12  Amplitude versus offset (AVO) in 30 
1 -1 3  30 Visualization tools 
1 - 14 Advanced seismic acquisition 
1 -1 5  Geographic information systems 
1 - 16  Geophysical fracture-detection methods 

Llkell-
Impact hood n =  

3.0 4.0 2 
3.0 3 .0 1 
3 .7 2.3 3 
3.0 2.2 5 
1 .5 2.5 · 4  
3.7 1 .0 3 

1 .0 1 .0 1 
3.0 3.0 1 

1 .0 1 .0 1 
3.7 1 .7 3 
3.7 1 .0 3 
5.0 2.0 2 
3.0 1 .0 2 
4.0 3.0 2 
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Identification of Long-term R, D&D Targets 
- Exploration -

- service compan ies -

I 
I ' 
I • 1 -9 I 
: 
I 

·- !-_8_ - - - - - - - - ·_ - - - - i - - - - - - - - - - - - - - - - - - } - - - - - - - - - - - - - - - - - -
1 -1 h  

• 1 -7 

- - - - - - - - - -t-1 -•t-1t 

1 -2 . 1 -1 3� 
I 

1 -1 5• 

1 - 16• 

- - - - - - - - - - - - - - - - - - r - - - - - - - - - - - - - - - - - -

;1 -1 0  
• 
' 1 -1 4 

1 -12• 

1 -1 30 Basin modeling 
1 -2 Risk assessment methods 
1 -3 High-resolution seismic depth Imaging 
1 -4 Specialized seismic processing 
1 -5 Sequence stratigraphy techniques 
1 -6 Workstation seismic modeling 
1 -7 Geochemical analysis 
1 -8 Airborne/satellite remote sensing 
1 -9 Fault seal analysis 
1 -1 0 Multi-component seismic techniques 
1 -1 1 30 Paleostructural restoration 
1 - 12 Amplitude versus offset (AVO) in 30 
1 - 13 30 Visualization tools 
1 - 14 Advanced seismic acquisition 
1 -1 5  Geographic information systems 
1 - 16 Geophysical fracture-detection methods 

� 1. 1 -5 ....J _ 
1 -3 1 -4 

� 
Low Moderate 

Impact of Need 
High 

Llkell-
Impact hood n =  

2.0 2.3 3 
1 .7 1 .7 3 
3.0 1 .0 5 
3.0 1 .0 3 
1 .0 1 .0 1 
2.3 2.3 3 
1 .0 3.0 4 
1 .0 3.7 3 
1 .0 4.0 4 
2.6 1 .8 5 
2.2 3.5 4 
3.5 1 .5 4 
2.3 1 .7 3 
2.6 1 .8 5 
2.0 1 .5 4 
3.0 3.0 5 
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Identification of Short-term R, D&D Targets 
- Development -

- service compan ies -

2-1 Advanced reservoir analog models 
2-2 Computer-based 3-D geological modeling 
2-3 Development-scale seismic applications 
2-4 Tracers (blologic/chemicaVradioactlve) 
2-5 Core analyslsnmaglng 
2-6 Geostatistlcal reservoir descriptions 
2-7 Outcrop analog studies 
2-8 Fluid-rock Interaction 

• 2-1 0 2-9 Rock physics 2-4 
2-7 2-1 0 Cross-well geophysical Imaging 

- - - - - - - - - - - - - - - - -
�

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - 2-1 1 Advanced attribute processing 2-1 9  2-8 • 2-12  Seismic/log/core calibration 2-23 2-1 3 Cuttings analysis 2-24 
2-33 2-1 8 2-14 2-14 Reservoir property identification 

/ / 2-1 5  Through casing logging • 2-1 6 • • • � • 2-20 • 2-1 6  Deep Investigation techniques 2:9 2- 1 2-1 7  High resolution borehole imaging logs 
2-1 8  Specialized core analysis 
2-1 9 Characterization of rock wettabillty 

I 2-20 Permeability logging techniques - - - - -2�3·- - - - - - - - � - - - - - - - - - - - - - - - �2 �- - - - - - - - - - - - - - - - - -: 2-5\ 
2-21 Tracer techniques 
2-22 CT scanning and NMR imaging 2-1 . : 2-6/. 2-12 . 2-3 • 2-23 Formation water chemistry I 2-1 5 • 2-24 Fluid sampling and analysis I 

2-29: • 2-31 • 2-25 Advanced reservoir simulation modeling 
I 
I 2-27 • 2-26 Workstation single well simulations 

2-17 . 2-27 Procedures for data scale-up 2-30 I �2-34 2-21 2-28 2-26: 2-25 2-22 2-28 Expert systems applications 

• • • • I • • 2-29 Time lapse seismic imaging 

Moderate High 2-30 Advanced monitoring of EOR processes 
Low 2-31 Advanced well testing and interpretation 

I mpact of Need 2-32 Material balance applications 
2-33 Decision and risk analysis 
2-34 Expendable well bore instrumentation 

Llkell-
Impact hood n =  

2.0 2.0 2 
3.7 2.3 3 
5.0 2.0 2 
3.0 3.0 1 
4.0 2.0 2 
4.0 2.0 2 
3.0 3.0 1 
3.5 3.5 4 
3.8 3 .0 5 
3.0 4 .0 2 ·  
4.3 3.0 3 
4.5 2.0 4 
1 .7 2.3 3 
4.5 3.0 4 
4.2 1 .8 5 
3.5 3.0 4 
3.8 1 .4 5 
4.0 3.0 2 
3.0 3.0 3 
5.0 3 .0 4 
2.0 1 .0 2 
5.0 1 .0 1 
3.0 3.0 1 
3.0 3.0 3 
4.3 1 .0 3 
3.5 1 .0 4 
4.0 1 .5 4 
3.0 1 .0 1 
3.7 1 .7 3 
1 .0 1 .0 1 
4 .3 1 .7 3 

3.0 3 .0 2 
1 .0 1 .0 1 
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Identification of Long-term R, D&D Targets 
- Development -

- service companies -

2-1 Advanced reservoir analog models 
I 2-2 Computer-based 3-D geological modeling 
I 2-3 Development-scale seismic applications I 
I 2-4 Tracers (biologlc/chemicaVradioactive) I 
I 2-5 Core analysis/imaging I 
I 2-6 Geostatistical reservoir descriptions I 
I 2-7 Outcrop analog studies I 
I 2-8 Fluid-rock interaction I 
I 2-9 Rock physics I 
I 
I 2-1 0  Cross-well geophysical imaging 

- - - - - - - - - - - - - �=1�� - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - 2-1 1 Advanced attribute processing 

/2-1 
""

2-7 

I 
I 
I 
I 
I 
I 

2-30\: 2-4 •2-32• "' 
2-34/: 

I 
I 
I 
I 
I 
I 

2-8 \. 
2-1 3/ 

2-28• 2-1 0• 
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

Low 

I 
I 2-5 � I 2-14 �. 2-6 • 2-1 8/ 

2-23• 

I 
I 
I 

2-1 1f 
2-22- 2�21 • 
2-31 : 
2-33 : 

I 

2-24• 
2-29• 2-3 • 

2-20 l 2-1 2• 2-25 
2-26 
2-27 

• 
Moderate 

Impact of Need 

I 
I 
I 
I 2-1 6 • I 
I 
I 
I 
I 2-9 • I 
I 
I 
I 
I 
I 2-1 5  I 2-2 2-1 7� I 
I • 

High 

2-12 Seismic/log/core calibration 
2-1 3 Cuttings analysis 
2-14 Reservoir property Identification 
2-1 5 Through casing logging 
2-16 Deep investigation techniques 
2-1 1  High resolution borehole imaging logs 
2-1 8 Specialized core analysis 
2-1 9 Characterization of rock wettability 
2-20 Permeability logging techniques 
2-21 Tracer techniques 
2-22 CT scanning and NMR imaging 
2-23 Formation water chemistry 
2-24 Fluid sampling and analysis 
2-25 Advanced reservoir simulation modeling 
2-26 Workstation single well simulations 
2-27 Procedures for data scale-up 
2-28 Expert systems applications 
2-29 Time lapse seismic Imaging 
2-30 Advanced monitoring of EOR processes 
2-31 Advanced well testing and Interpretation 
2-32 Material balance applications 
2-33 Decision and risk analysis 

2-34 Expendable well bore instrumentation 

Like II-
Impact hood n =  

1 .0 3.0 1 
4.0 1 .0 4 
3.4 1 .8 5 
1 .7 3.0 3 
2.0 2.0 2 
2.5 2.0 4 
1 .0 3.0 2 
3.0 3.0 1 
4.3 1 .7 3 
4.0 2.5 4 
2.3 1 .7 3 
3.5 1 .5 4 
3.0 3.0 1 
2.0 2.0 2 
5.0 1 .0 1 
5.0 2.0 2 
5 .0 1 .0 1 
2.0 2.0 2 
2.3 3.7 3 
3.0 1 .0 2 
2.5 1 .5 4 
2.3 1 .7 3 
1 .7 1 .7 3 
3.0 2.0 2 
3.0 1 .0 3 
3.0 1 .0 2 
3.0 1 .0 2 
3.5 2.5 4 
3.0 1 .8 5 
2.3 3.0 3 
2.3 1 .7 3 
2.0 3.0 4 
2.3 1 .7 3 
2.3 3.0 3 
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Identification of Short-term R, D&D Targets 
- Dri l l ing and Completion -

- service companies -

I 
en en en 

..c: C) 
J: 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - L - - - - - - - - - - - - - - - - - -

...- CD '0 -
"C m 5i "8 
Cl) � :5 
� 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - 3=� · - - - - t - - - - - - - - - - - -

3-6 .  3l3 
- - - - - - ·  

I • 
I 

: 3-1 3• 3-7 • 

3-2 : 
3-5\ : �-. 

3-12 / : 3-87. • 3-1 1 
I 3-9 

� 1 : : 3-1 0  3-1 I � ; ; . . 
Low Moderate 

Impact of Need 
High 

3-1 Horizontal well bore applications 
3-2 Drilling fluid design 
3-3 Advanced fracture techniques 
3-4 Cementing 
3-5 Perforating and well bore cleanup 
3-6 Well productivity 
3-7 MuHilateral technology 
3-8 Innovative bit and tubular technology 
3-9 Slim hole drilling 
3-1 0 Under balanced drilling 
3-1 1 Measurements while drilling 
3-1 2  Coiled tubing drilling 
3-1 3 Unconventional drilling technology 

Llkell-
Impact hood n =  
4.8 1 .0 8 
3.6 1 .6 7 
3.8 2.2 5 
3.3 2.3 6 
3.6 1 .6 7 
3.4 2.2 5 
4.3 2 .0 6 
4.1 1 .6 7 
4 . 1 1 .6 7 
4.5 1 .0 4 
4.4 1 .6 7 
3.6 1 .6 7 
4.0 2.0 2 
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Identification of Long-term R, D&D Targets 
- Dri l l ing and Completion -

- service companies -

- - - - - - - - - - - - - - - - - -
�

- - - - - - - - - - - - - - - - - -

I 
I 
I 
I 
I 

1 

3-1 3• 

3-1 0� 
;

3-4 
I • l \3-1 1 1 

3-1 Horizontal well bore applications 
3-2 Drilling fluid design 
3-3 Advanced fracture techniques 
3-4 Cementing 
3-5 Perforating and well bore cleanup 
3-6 Well productivity 
3-7 Multilateral technology 
3-8 Innovative bit and tubular technology 
3-9 Slim hole drilling 
3-1 0 Under balanced drilling 
3-1 1 Measurements while drilling 
3-12 Coiled tubing drilling 
3-1 3 Unconventional drilling technology 

J - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -�-12� : 

Low 

3-3 : \. 3-6 • I 3-5 • 

3-9/ 3-2 • 3l1 • 

3-8 • 
3-7 . 

Moderate 

Impact of Need 

I 
I 
I 

High 

Likeli-
Impact hood n =  

3.8 1 .8 5 
3 .4 1 .8 5 
2.7 2.0 6 
2.6 2.6 5 
4 .0 2.0 4 
3.3 2.0 6 
3.0 1 .4 5 
3.5 1 .5 4 
2.7 2.0 6 
2.3 2.8 8 
2.6 2.6 5 
2.3 2.3 6 
3.0 3.2 10  
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Identification of Short-term R, D&D Targets 
- Production -

- service companies -

• 4-1 Injection water treatment 
4-1 7  4-2 Produced water treatment 

4-3 Corrosion control 
4-4 Scaling inhibitors 
4-5 Paraffin controVremoval 

4-7 • 4-6 Oil/water/gas/separation 
4-7 Beam pump analysis 

4-8 • 4-1 0• 4-8 Gas lift analysis 
4-9 Submersible pump analysis 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - 4-10 Rod/tubing wear evaluation 
I I 4-1 1 Stimulation techniques I I 
I I 4-12 Gas compression techniques I I 
I 4-4 I 

4-13 Recompletion techniques I i- 4-5 
I 
I 
I 4-14 Remote control and data analysis 

4-1 4• •\ 4-6 :- 4-9 4-27 • 4-1 5 Compact processing on offshore platforms 
4-1 5 I 

4-16 Modification of reservoir fluid mobilities I 
I 
I 4-17 Miscible contact/displacement I 

4-1 8 Viscosity reduction of heavy oils I 
I 
I 4-19 In situ generation of foams/emulsions - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - L - - - - - - - - - - - - - - - - - -
I 4-20 Thickeners for CD.! floods I 
I 4-1 6;. 4-21 Microbial EOR processes I 
I 4-25 4-22 High-velocity gas flow modeling I 
I 4-23 Thermal processes I 
I 4-1 1 •  4-26 . 4-24 Combustion processes I 
I 4-25 Near well bore stimulation I 
I 4-26 New directional drilling I 
I 4-27 Advanced recovery of natural gas I 4-3 4-1 3 I 
I • • 

Low Moderate High 
Impact of Need 

Likeli-
Impact hood n =  

1 .0 5.0 1 
4.0 1 .0 2 
3.0 3.0 3 
3.0 3.0 2 
3.0 3.0 1 
3.0 4.3 3 
3.0 4.0 2 
3.7 3.0 3 
4.0 4.0 2 
4.3 1 .7 3 

4.3 1 .0 3 
2.0 3.0 2 
3.0 3.0 1 
5.0 2.0 2 
3.0 5.0 1 

1 .0 5.0 1 

5.0 2.0 2 
5.0 1 .7 3 
5.0 3.0 1 
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4-1 2 • 
4-6 • 

4-1 4-23 I \. 
.\4-2 4-27/ 

Identification of Long-term R, D&D Targets 
- Production -

- service compan ies -

I 4-1 Injection water treatment 
I 4-2 Produced water treatment 

4-3 Corrosion control 
4-4 Scaling Inhibitors 
4-5 Paraffin control/removal 
4-6 Oil/water/gas/separation 
4-7 Beam pump analysis 
4-8 Gas lift analysis 
4-9 Submersible pump analysis 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - 4-1 0 Rod/tubing wear evaluation I 
I 4-1 1 Stimulation techniques I 
I 4-12 Gas compression techniques 

ftJ1 
I 

r1 ·  I 4-13 Recompletion techniques I 4-1 5 I 

• 4-1 7 I 4-14 Remote control and data analysis 
• 4-20 4-5 4-1 8 I 4-15 Compact processing on offshore platforms 4-21 I 

4-1 9 I 4-16 Modification of reservoir fluid mobilities 4-22 I 

4-24 I 4-17 Miscible contact/displacement I 
I 4-18 Viscosity reduction of heavy oils 4-1 4 • 4�3 • I 

I I 4-19 In situ generation of foams/emulsions - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

4-20 Thickeners for CD.z floods 
4-21 Microbial EOR processes 
4-22 High-velocity gas flow modeling 
4-23 Thermal processes 
4-24 Combustion processes 
4-25 Near well bore stimulation 4-16\. 4-26 New directional drilling 4-25 4-27 Advanced recovery of natural gas 4-1 3 4-26

� • 

Low Moderate High 
Impact of Need 

Llkell-
Impact hood n =  

1 .0 4.0 2 
1 .0 4.0 2 
2.5 2.5 4 
3.0 3.0 2 
2.3 3.0 3 
1 .7 4.3 3 
2.0 5.0 2 
1 .0 5.0 2 

1 .0 3.0 1 
3.0 3.0 2 
2.0 4.5 4 
3.0 1 .0 2 
2.0 2.5 4 
1 .0 3.0 1 
5.0 1 .0 1 
3.0 3.0 1 
3.0 3.0 1 
3.0 3.0 1 
1 .0 3.0 1 
1 .0 3.0 1 
1 .0 3.0 1 
2.0 4.0 2 
3.0 3.0 1 
5.0 1 .0 1 
5.0 1 .0 1 
2.0 4.0 2 
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Identification of Short-term R, D&D Targets 
- Deepwater Offshore -

- service compan ies -

5-1 Produced fluid disposal 
5-2 Extended reach drilling or production 
5-3 Extended reach control systems 
5-4 High pressure systems 
5-5 Flowlines 
5-6 Flow metering 

5-1 3 • 5-9 • 5-7 Subsea equipment 
5-8 External corrosion protection 
5-9 Risers 

- - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -
5-1 0 ROV systems 

I 5-8 • I 5-5 • 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J _ _ _ _ _ _ _ _ _ _ _ _  s=fo• - r · - - - s:fs • - - - - - 5=1 • 
5-1 4 • 

I 5-4 
I • I 

Low Moderate 

Impact of Need 

5-6\ I • 
:5-1 6 1  I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

5-3 . 
5-1 2  • 

5-2 
5-1 1� 

• 

High 

5-1 1 Drilling 
5-12 Workover 
5-1 3 Water/gas injection 
5-1 4  Hydrate prevention 
5-1 5 Multi-phase pumps 
5-1 6 structures 

Llkell-
Impact hood n =  

5.0 1 .0 6 
5.0 1 .7 3 
3.0 1 .0 3 
4.3 3.0 3 
4.0 2.0 2 
5.0 2.3 3 
3.0 3.0 1 
4.3 4.0 2 
3.5 2.3 3 
5.0 1 .0 6 
5.0 1 .5 4 
3.0 4.0 2 
3.0 2.0 2 
4.3 2.3 3 
4.0 2.0 2 
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Identification of Long-term R, D&D Targets 
- Deepwater Offshore -

- service companies -

.C I C) i: 

I 

5-1 • : 
- - - - - - - - - 5-�� - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

I 
� :! 

5-5 5-1 6• 

- - - - - - - - - � - - - - - - - - - - - - - - - - - - f - - - - - 5:3 .- - - - - - - - - . - - 5:f4• - 5-6 111! 5-4, : 

� I 5-1 0 
..J �5-1 5 5-8 5-9 

• • 
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• 
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5-12/ 5-2 �
. 5-7 • ;. 5-1 1  I 

Moderate 

Impact of Need 
High 

5-1 Produced fluid disposal 
5-2 Extended reach drilling or production 
5-3 Extended reach control systems 
5-4 High pressure systems 
5-5 Flowlines 
5-6 Flow metering 
5-7 Subsea equipment 
5-8 External corrosion protection 
5-9 Risers 
5-1 0 ROV systems 
5-1 1 Drilling 
5-12  Workover 
5-1 3 Water/gas Injection 
5-14 Hydrate prevention 
5-1 5 Multi-phase pumps 
5-16 Structures 

Llkell-
Impact hood n =  

2.0 3.8 5 
3.7 1 .7 3 
4.3 2.3 3 
3.0 2.0 2 
2.3 3.0 2 
2.3 2.2 5 
3.0 1 .7 3 
1 .7 1 .0 2 
2.0 1 .0 1 
1 .0 1 .0 1 
3.7 1 .7 3 
3.0 2.0 4 
2.0 3.7 3 
1 .5 2.3 3 
1 .0 1 .0 1 
3.0 3.0 2 
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Low Moderate 

Impact of Need 
High 

6-1 Transportation 
6-2 Exploration 
6-3 Development 
6-4 Drilling 
6-5 Production 
6-6 Deepwater offshore activities 
6-7 Mobile ice 

Llkell-
Impact hood n =  

4.0 4.0 2 
5.0 5.0 1 
5.0 5.0 1 
5 .0 2.3 3 
4.0 4.0 2 
4.3 3.7 3 
5.0 3.0 1 
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Identification of Long-term R, D&D Targets 
- Arctic Region Activities -

- service companies -

6-1 Transportation 
6-2 Exploration 
6-3 Development 
6-4 Drilling 
6-5 Production 
6-6 Deepwater offshore activities 
6-7 Mobile ice 
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1 
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6-6: • 

Moderate 

Impact of Need 

6-3 
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High 

Llkell­
lmpact hood n = 

1 .7 4.0 
4.3 2.3 
5.0 1 .0 
2.7 3.7 
3.0 3.0 
3.7 2.0 
2.3 4.0 
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4 
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• 7-22 

Identification of Short-term R, D&D Targets 

• 
7-2 

- Oi l  Processing and Refining -

--� -
I 
I ' 
I 

I 

- service companies -

- -- -- ----=:�� 
7-1 9//' 
7-20 

7-24 

7-17 '-... 
7-1 8/ 

7-1 Catalysts with improved selectivities, 
yields, lifetimes 

7-2 Hydrogen production and recovery 
7-3 Plant and process reliability 
7-4 Unconventional process technology 
7-5 New materials of construction 
7-6 Reactor engineering and modeling 
7-7 Catalyst manufacturing technology 
7-8 Risk assessment methodology 
7-9 Solid acid catalysts 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - � - - - - - - - - - - - - - 7-1 0  AHematives to olefin alkylation process 
I 
I 
I 
I ' 
I 
I 7-9

" I 
I 
I 7-1 2-• 
I 

7-1 3/ I 
I 
I 
I 
I 
I 
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7-1} 
7-6 

7- 16 
7-21 • 
7-27 
7-28 
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I �
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7-23/ 
I 
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I 7-1 1 • 7-8 I 

I 7-1 0  I 
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.'.!.- 7-26 
I 7-25 I 
I • 

Low Moderate High 
Impact of Need 

7-1 1 Techniques for integration of environmental 
solutions into process and plant design 

7-1 2  Improved on-line NDE inspection technology 
7-1 3  Predicting useful remaining lifetimes 

of aging equipment 
7-14 Robotics for safety applications 
7-1 5  Worker safety systems 
7-1 6  Energy efficiency of processes 
7-1 7 Energy efficiency of equipment 
7-1 8  Energy efficiency of separations 
7-1 9  Separations technologies 
7-20 Determining chemical composition of 

crudes, refinery intermediates, and products 
7-21 New approaches to refining heavy feeds 
7-22 Processing synthetic fuels 
7-23 Conversion of methane to liquid fuels 
7-24 Relating chemical compositions to process 

and product performance 
7-25 Advanced computational modeling of 

processes/reactions 
7-26 Advanced control and information systems 
7-27 Performance characteristics of new 

hydrocarbon fuel compositions 
7-28 Environmental characteristics of new 

hydrocarbon fuel compositions 

Llkell-
Impact hood n =  

5.0 3.0 1 

3.0 5.0 1 

5.0 3.0 1 

3.0 1 .0 2 
3.0 3.0 1 
3.0 1 .0 1 
4.5 1 .5 4 

3 .0 3.0 1 
3.0 3.0 1 

4.0 2.0 2 
5.0 3.0 2 
5.0 4.0 2 
5.0 4.0 2 
5.0 5.0 1 
5.0 5.0 1 

5.0 3.0 1 
1 .0 5.0 1 
4.0 2.0 2 
5.0 5.0 1 

4.0 1 .0 2 

3.0 1 .0 2 
5.0 3.0 1 

5.0 3.0 1 
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I 7-3 Plant and process reliability .!! I 
I 7-4 Unconventional process technology 

· - I ca I 7-5 New materials of construction � I 
I 7-6 Reactor engineering and modeling 
I 

� I 7-7 Catalyst manufacturing technology 
I 

7-23 • I 7-21 • 7-8 Risk assessment methodology 'ii • 7-22 I 

·� I 7-9 Solid acid catalysts I 
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u 7-1 2  Improved on-line NDE inspection technology 0 c: 0 tU Q) 7-1 8 "' 

7-1 3  Predicting useful remaining lifetimes 
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z en '0 7-24 / 7-1 4  Robotics for safety applications ...... 0 � I 7-1 5  Worker safety systems >- c: I 
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0 � 7�-5 • I 7-1 7  Energy efficiency of equipment 0 I I 
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.c I 7-1 9  Separations technologies 
u 

7-16 . 7-20 Determining chemical composition of � 7-1§ crudes, refinery Intermediates, and products 
"C 7-8� 7-6 7-21 New approaches to refining heavy feeds 
0 7-9 7-22 Processing synthetic fuels 0 7-1 1 

.c 7-1 3  7-25- 7-23 Conversion of methane to liquid fuels 
·-

Gi 7-7 7-1 5  7-27 7-24 Relating chemical compositions to process 
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7-26 7-28 and product performance :::i ..J • ti 7-25 Advanced computational modeling of 

Low Moderate High processes/reactions 

Impact of Need 7-26 Advanced control and information systems 
7-27 Performance characteristics of new 

hydrocarbon fuel compositions 
7-28 Environmental characteristics of new 

hydrocarbon fuel compositions 

Like II-
Impact hood 

5.0 1 .0 

3.0 3.0 
1 .7 2.3 
1 .0 5.0 
2.5 2.5 
5.0 1 .0 
1 .0 1 .0 
3.0 1 .0 
3.0 1 .0 
2.0 3.0 
5.0 1 .0 

1 .0 3.0 
3.0 1 .0 

1 .0 1 .0 
3.0 1 .0 
5.0 2.0 
4.3 3.0 
5.0 3.0 
5.0 3.0 
3.0 5.0 

3.0 4.0 
1 .0 4.0 
2.0 4.0 
5.0 3.0 

5.0 1 .0 

3.0 1 .0 
5.0 1 .0 

5.0 1 .0 

n =  
1 

1 
3 
2 
4 
1 
1 
1 
1 
2 
1 

1 
1 

1 
1 
2 
3 
2 
2 
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Identification of Short-term R, D&D Targets 
- Gas Processing -
- service compan ies -
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1 8-8 
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Low Moderate 

Impact of Need 
High 

8-1 Gas dehydration 
8-2 Acid gas removal 
8-3 H;zS scavenger technology 
8-4 Natural gas liquid separation 
8-5 Nitrogen separation 
8-6 Trace constituent (arsenic, Hg, etc.) removal 
8-7 Sulfur recovery 
8-8 Separation of high concentrations of 

Impurities (nitrogen, COz, H;zS . . .  ) 

Liken­
Impact hood n = 

3.0 
4.0 
1 .0 
3.0 
1 .0 
1 .0 
1 .0 
4.0 

5.0 
4.0 
3.0 
5.0 
3.0 
3.0 
3.0 
4.0 

2 
2 
1 
1 
1 
1 
1 
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Identification of Long-term R, D&D Targets 
- Gas Processing -
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8{�-e 

- service companies -
8-1 Gas dehydration 
8-2 Acid gas removal 
8-3 I-US scavenger technology 
8-4 Natural gas liquid separation 
8-5 Nitrogen separation 
8-6 Trace constituent (arsenic, Hg, etc.) removal 
8-7 Sulfur �ecovery 
8-8 Separation of high concentrations of 

impurities (nitrogen, c�. 1-1:28 .•. ) 
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Low Moderate 

Impact of Need 
High 

Liken-
Impact hood n = 

3.0 3.0 2 
1 .0 5.0 1 
1 .0 3.0 1 
2.0 5.0 2 
3.0 5.0 1 
3.0 5.0 1 
2.0 5.0 2 
2.0 4.0 2 
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Identification of Short-terni R, D&D Targets 
- Gas Gathering -

Moderate 

Impact of Need 

- service compan ies -

9-1 Compression 
9-2 Leak detection 
9-3 Plastic pipe (higher pressure rating) 
9-4 High pressure measurement 
9-5 Multi-phase metering 

• 9-1 9-2 ........... 
9-5 /• 

9-4 • 
High 

Llkell-
Impact hood n a  

3.7 3.0 3 
5.0 3.0 1 

4.0 1 .0 2 
5.0 3 .0 1 
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Identification of Long-term R, D&D Targets 
- Gas Gatherir:1g -

- service companies -

9-1 Compression 
9-2 Leak detection 
9-3 Plastic pipe (higher pressure rating) 
9-4 High pressure measurement 
9-5 Multi-phase metering 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

.! 
; I• 9-4 
"8 ::li! 

1 
I 

I 
I 

9-1 : ""-., 1  9-3/� I 
I 
I 
I 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J g:5 · - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - ·  

� ,. 9-2 

Low Moderate 

Impact of Need 
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Identification of Short-term R, D&D Targets 
- Environmental and Regulatory -

- service compan ies -

:§, r� 1 1-6 
-

---
-

--- , -I 
I 
I 

:r: 1 1 -1 3 ! 

I - --

I 
I 
I 

! 

---1 1 1 -1 Disposal methods for drilling fluids 
1 1 -2 Treatment and disposal of produced fluids 
1 1 -3 Screening procedures for injection wells 

I I 

-1 1 1 - 12 I 
I 

I I 
I I 

1 1 -9 . I I 
I 1 1 -4 I 
I I 

: � : 
- - - - - - - - - - - - - - - - - � - - - - - - - - -� - - - - } - - - - - - - - - - - - - - - - - -

I 1 1 -1 0 I m m I I 
I I m I I ...... I 1 1 -1 1 I - Cll I � I 0 1! I I 

"C Cll 1 1 -3 . 1 1'-7 � • 1 1 � 14 
c: "C I 1 1 -1 5 I 
Q) 0 I I 

Q) � I I 
I I .c I I 

+-' 
I I 

>. 
: 
1 1 -5 

:
1 1 -1 al 

- - - - - - - - - - - - - - - - - � - -· - - - - - - - - - - - - - - - 1 - · - - - - - - - - - - - - - - - - ·  
I 

1 1 -2 I 
I 

• I 

� 
I 

..9 I. 1 1 -8 
I 

Low Moderate 

Impact of Need 
High 

1 1 -4 Risk and reclamation analysis of 
disposal 

1 1 -5 Leak detection 
1 1 -6 Hydrological modeling 
1 1 -7 Compliance with CAAA stationary 

source 
1 1 -8 Advanced computation models to predict 

dispersion,  transformation, and fate of air 
pollutants 

1 1 -9 Model transport and remediation of 
contaminants in ground water and soils 

1 1 - 10 Effluent and emission monitoring, 
minimization, and control 

1 1 -1 1 Recycling of waste and byproduct streams 
1 1 -12 Remediation technology 
1 1 -1 3 Catalyst recycling 
1 1 -14 Provide scientific basis for risk-based 

regulation 
1 1 -1 5 NORM disposal 

I 

Like II-
Impact hood n =  

3.8 2.3 8 
3.0 2.0 4 
1 .7 3.0 2 
3.0 3.7 3 

2.5 2.3 3 
1 .0 5.0 1 
2.3 3.0 3 

1 .0 1 .0 1 

2.0 4.0 2 

3.0 3.7 3 

3.0 3.0 3 
2.3 4.3 3 
1 .0 5.0 1 
3.4 3.0 5 

3.0 3.0 4 
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Identification of Long-term .R, D&D Targets 
- Environmental and Regulatory -

- service compan ies -

1 1 -1 Disposal methods for drilling fluids 
1 1 -2 Treatment and disposal of produced fluids 
1 1 -3 Screening procedures - Injection wells 
1 1 -4 Risk and reclamation analysis of 

disposal methods 
1 1 -5 Leak detection 
1 1 -6 Hydrological modeling 
1 1 -7 Compliance wHh CAAA stationary 

source issue ��-���- - - - -� ��:
1
-� - r - - - - - - - - - - - - - - - - - r - - - - - - - - - - - - - - - - - - ·1 1 1 -8 Advanced computation models to predict 

dispersion, transformation, and fate of air 

1 1 -2 ' 
I 

' 
I 

pollutants 
1 1 -9 Model transport and remediation of 

1 1 -3 . ·---- I I 
I I I contaminants In ground water and soils 

1 1 -4 I 

1 1 -8 .  1 1 - 12 i 
I • I 

I 

I 

• 1 1 -1 I 
I 

1 1 - 10 Effluent and emission monitoring, 
minimization, and control 

1 1 - 1 1 Recycling of waste and byproduct
· 
streams 

1 1 - 12 Remediation technology - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - ! - - - - - - - - - - - - - - - - - - .  1 1 -1 3 Catalyst recycling • 1 1 -9 ��1 1 -14 • 1 1 -7 : 
1 1 - 14 Provlde sclentlfic basis for risk-based : 

1 -1 5 
: 

regulation 1• 1 1 - 1 1 • 1 1 -6 1 1 1 1 -1 5 NORM dlsposal 
1 1 -5 . 

Low Moderate 

Impact of Need 
High 

Llkell-
Impact hood " "'  
2.6 2.5 4 
1 .7 3.0 5 
1 .5 3.0 4 
1 .7 3.0 2 

2.2 1 .8 5 
1 .8 2.0 4 
3.0 2.3 3 

1 .7 2.6 5 

1 .5 2.3 3 

1 .8 3.5 4 

1 .0 2.0 2 
2.0 2.5 4 
1 .4 3.5 4 
2.3 2.3 3 

2.3 2.3 3 



Q1 - Additional EXPLORATION Technologies 

Segment 1 8) 1 9) 20) 21 ) 22) 23) 

Independent 3-D velocity analysis 

Independent Higher Seismic 
resolution through 
signal decoding 

Independent Wire line advances Drilling technology Remote sensing 
techniques 

Utility Geochem 
fingerprinting to map 
migration pathways 

Independent Magnetic resonance 
logging 

Independent Petrophysical Anal 
(log analysis) 

Integ. Gas/Oil Gas hydrates 

Integ. Gas/Oil Petrophysical logging 
to determine porosity 
and fluid content 

Integ. Gas/Oil Economics of seismic Environmental impact 
data gathering of drilling 

Integ. Gas/Oil Gravity gradiometry Marine 
magnetotelluric 

Integ. Gas/Oil Use of existing hazard Consolidation of data 
surveys by MMS for on chemosynthetic 
block clearance communities 

Major Wellbore core and log 
characterization 

Source Rocks: 
kinetics and expulsion 

Fracture modeling 

Major Integrating 
geoscience & 

Lithology/reservoir-pre 
dieting seismic 

tj 
engineering 
data/analysis 

I 
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Segment 

Major 

Major 

Major 

Major 

Major 

Major 

Service 

Service 

Service 

1 8) 

Regional stress fields 
and fracture 
orientation 

Gravity-mlcrostudles 

Through casing 
resistivity 
measurements 

lime laf.se 3-0 for 
reservo r 
management-cheap 

Seismic Imaging 
below salt 

Sea floor multi seismic 

Simulators for Seismic 
Borehole Geophysics 
Systems 

Statistical descriptions 
of clastic sedimentary 
environment 

Visualizational ahead 
of drill bit 

Q1- Additional EXPLORATION Technologies 

1 9) 20) 21 ) 22) 23) 

Magnltics 

Salt proximity 
SUIVeylng 

MWO depth accuracy Permeability 
measurements from 
logs 

Multl-comconent High spatial and Loggln� tools to 
bottom ca les for vertical 3-0 resoltulon detect ow resistivity 
deepwater for reservoir pays 

Low cost/h�h Fluid differentiation by Portable, high energy Light wel�ht, large 3-0 earth model 
bandwidth ata Seismic Indicators Seismic source channel, and Seismic software 
transfer/compress systems 



Segment 36) 

Independent Crosswell Seismic 
modeling 

Independent Sand control 

Independent Advanced new 
recovery methods 

Independent Integrated production 
databases 

Independent Resolution In drilling 
technology & 
techniques 

Integ. Gas/Oil Draina�e area shape 
determ nation 

Major Polymer gels to shut 
off water or gas 
channels 

Major Hard copy to digital 
conv. 

Major Small diameter 
NWD-FEWD 

Major Fracture orientation 

Major Coupled 3D geologic 
and reservoir 
simulation models 

0 
I 
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Q2 - Additional DEVELOPM ENT Technologies 

37) 38) 39) 

Connectivity mapping Stochastic modeling 
of 3-D logs 

Fracture connectivity 
with multiphase data 

Water shut off Prodn logs for fluid Down hole pressure 
entry profile sensors (cheap, 

durable) 

Understanding 
advanced recovery In 
fractured reservoirs 

Developmental GeochemlcaVremote Detailed reservoir 
horizontal drilling sensing facies analysis 

Moveable Reservoir 
hydrocarbon heterogeneity 
measurements characterization 

Improved visualization 
of reservoir modeling 
results 

Improved 
asphalhene(?) 
deposition prediction 

Improved wax 
deposition prediction 

Small diameter high 
temp-NWR 

Accurate price 
forecasting 

40) 

Better cased hole SW 
tools (logs) 

41 ) 

Better shaley sand 
logs & interpretation 
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Segment 

Major 

Major 

SeNice 

SeNice 

36) 

Production logging 
high water 
Identification 

Advanced lntei:ted 
workstation so are 

Unstructured �rid 
simulation tee nlque 

Statistical description 
of areal distribution of 
clastic facies 

Q2 - Additional DEVELOPMENT Technologies 

37) 38) 39) 40) 41 ) 
-

Fracture 
characterization 

3-0 geological analog Parallel computing Higher-speed 3-phase 
�vapor-liquid-liquid) 

ash simulation 
routine Oncl. 
equlllhlum databases) 

More extensive, 
specific databases 



Q3 - Additional DRILLING & COMPLETION Technologies 

Segment 1 5) 1 6) 1 7) 1 8) 1 9) 20) 

Independent Gravel pack tech. 

Independent Drilling systems 
optimization 

Completion systems 
optimization 

Non-newtonian (CFD) 
hydraulic perf. codes 

Independent Fluid compatability & 
chemistry 

Independent Advanced acid 
treatments 

Independent Advanced logging 
techniques 

Independent Drill pipe design 

Independent Improved hole Removal of formation 
cleaning in horizontal skin due to edregmud 
wells in o�en hole �ravel 

pac comple on 

Integ. Gas/Oil Petrophysical ReseNoir 
measurements-movea heterogenici!}' 
ble hydrocarbons and characterization 
permeability 

Integ. Gas/Oil �Near bit sensors) 
mart drilling systems 

Integ. Gas/Oil Multiple completion(?) Frac pack-gravel pack 

Major Propellant fracturing 

Major Extender reach drilling 

Major Cost effective deep Automated rigs water systems 

0 I ...... � co 
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Segment 

Major 

Major 

Major 

Major 

Service 

Service 

1 5) 

Ultra-low cost drilling 

Universal fluid-drilling 
mud which can be 
activated to act like 
cement 

Open hole completion 
design 

Extended reach 
drilling 

Downhole water 
separation 

Seismic while drilling 

Q3 - Additional DRILLING & COM PLETION Technologies 

1 6) 1 7) 1 8) 1 9) 20) 

Formation strength 
analysis 

CBM /eroppant and 
fluid esign 

Frac pack modeling LCM polymers-low 
damage 

Low skin gravel 
packing 

Well bore (openhole) 
stability 

Ev&J:orative Slag/MVD cements Sputter technology in Closed loop drilling 
pro uction multi laterals systems 

High temperature Rotary steerable MWD gyro 
downhole drilling systems 
systems 



Q4 - Additional PRODUCTION Technologies 

Segment 29) 30) 31 ) 32) 33) 34) 

Independent Type of polymer to 
control water 
production 

Independent Production process Production system Multiphase wet gas 
system optimization automation metering 

Independent Progressive cavity 
pumps 

Independent Wellbore multiple 
zone production 

Independent Stu� of shallow H20 Control of water influx 
san s become in horizontal wells 
charged and corrosive 

Integ. Gas/Oil Environmental/safety 

Integ. Gas/Oil PIL installation in deep P/L recovery and Control of hydrate 
water recycling formation in H.P.  Gas 

Prod. 

Major Gas hydrate inhibition Waste management Sour water treating 

Major Multiphase pumping Continuous water Remote monitoring Subsea hardware Energy management 
and metering quality monitoring and control 

Major Integrated 
prod.linvest. 
optimization 

Major Unmanned offshore Advanced floating 
operations control production systems 

Major Produced water shut 
off 

Sand production Water disposal Waste disposal (tank 
bottoms) 

Vapor recoveries 

t1 I 
...... 
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Segment 

Major 

SeNice 

SeNice 

SeNice 

SeNice 

29) 

Profile modification 
(esp. on producers; 
lowcost, variable) 

Ev1.orative 
pro uction 

Environmental 
protection 

New wear & corrosion 
resistant coatings for 
cylinder ID's 

Rigless workover 

Q4 - Additional PRODUCTION Technologies 

30) 31 ) 32) 33) 34) 

Cable susgended 
electric su mersible 
pumps 

Downhole water 
separation 



Q5 - Additional DEEPWATER OFFSHORE Technologies 

Segment 1 8) 1 9) 20) 21 ) 22) 23) 24) 

Independent Mu�hase flow perf. Remote control 
(CF ) codes from exlstine 

surface facl lties 

Integ. Gas/011 SPAR Technology Floating Production 
System 

Integ. Gas/Oil Mechanical connection Reliable clpellne Riser splash-zone 
for J-Lay Isolation echnlgue coating & repair 

w/o water flooding 
plpeHne 

Integ. Gas/Oil Multi-phase flow 
analysis tools 

Poraftin prevention 

Integ. Gas/Oil Subsea well 
inteNention methods 

Deepwater drilling Flowline 
vessels with subsea Installation 

from low cost vessels comr,letion vessels in 
re�u rements deepwater 
Inc uded In design 

Major Pipeline installation & 
repair 

Multl1.hase 
mete ng 

Moorlns system 
materia s 

Major New/composite 
materials 

Major Produced fluids Regulatory Issues Mooring Leak detection Subsea power Simulation 
problems distribution software 

multi phase 

Major Extended well testing Mooring systems Composite Subsea power Foundations/anchors 
materials 

Major Loop/eddy forecasting 

Major Riser less and/or Reduced hole size Mooring systems Well control Well testing Foundations Shallow water 
composite riser drilling drilling and. designs flows 

t1 I 
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Segment 

Major 

Major 

SeNice 

SeNice 

SeNice 

SeNice 

Q5 - Additional DEEPWATER OFFSHORE Technologies 

1 8) 1 9) 

Subsea oil completions Paraffin 'subsea 
and flowl nes 

Mooring systems Subsea production 
control systems 

High flow rates Slim hole 
exploration 

Underwater multlphase 
pumping 

Ught weight 
moorings 

RenewaVbiodegradable Extended 
drilling fluids reach/non-formatio 

n damaging drilling 
fluids 

Remote power 
(batteries) 

Remote power 
(high freq.) 

20) 21 ) 22) 

Integrated real Climate/environmental Novel drilling 
time data monitoring systems concepts 
acquisition 
systems 

Pipe lay 
equipment 

Products to 
enhance water 
based drilling 
fluids 

Pipeline 
technology 

Pipeline lay/inst vessel Pipeline pigging 

23) 24) 

Completion Sea floor 
equipment multi-component 

seismic 

Pipeline repair 



9 
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01 01 

Segment 

Independent 

Integ. Gas/Oil 

Integ. Gas/011 

Integ. Gas/Oil 

Integ. Gas/Oil 

Major 

Major 

Major 

Major 

Major 

Major 

Major 

Major 

Service 

Service 

Service 

Service 

Well bore produced fluids sepn 

QS - Additional DEEPWATER OFFSHORE Technologies 

5-25 5-26 5-27 5-28 

Subsea separation Subsea multlphase pumping Subsea power transmissior 
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Segment 

Independent · 

Major 

Major 

Service 

Service 

9) 

Econonrnc lncentives 
(royalty relief, 
transportation 
deductions 
exemptions to the 
Jones Act, ect.) 

lcebreaklng tankers 
trafficablllty 

Arctic logistics 

Winter construction 

Multi-phase pumps 

Q6 · Additional ARCTIC REGION Activities Technologies 

10) 1 1 )  1 2) 1 3) 1 4) 

Onshore pipeline Offshore pipeline & Offshore terminal in 
permafrost regions shoreline crossing infested water 

Tanker loading 
facilities 

Ice scouring 

Water Injection 
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Segment 

Independent 

Independent 

Major 

Major 

Major 

Major 

Service 

30) 

Carbon rejection 
technology 

Heavy oil processing 

Alternate HF 
alkylatron 

High acid 

Processes to reline 
high sulfur & metal 
crudes 

Stationa� source 
control o NOx, SOx 
and VOL 

Biological 
demetalation 

Q7 - Additional OIL PROCESSING/REFINING Technologies 

31 ) 32) 33) 34) 35) 

Sulfur removal Emissions control Waste petrol Sensors and controls Contaminate 
processes additives producation upgrade fluids/solids control 

CataWrst recycling vs 
landli l 

Improved effluent 
treatment 

Process analyzer 
technology 

Biological heavy 
hydrocarbon cracking 

Hydrocarbon (oil, 
gasoline, etc.) 
powered fuel cells 
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Segment 

Independent 

Independent 

Integ. Gas/Oil 

Integ. Gas/Oil 

Integ. Gas/Oil 

Major 

Major 

Major 

Major 

Major 

10) 

Wellhead sulfur 
remediation 

Compression 

Membrane 
dehydration 

Hydrocarbon 
dewpolnt reduction (to 
lmprove �as 
marketati llty by 
eliminating 
condensation along 
transmission sr:tem, 
at points of del ery to 
LDC's) 

Compressor efficient 

C02 removal 

Instrumentation 

Membrane separation 

Compact LNG 
facilities for offshore 

Mercaptan removal 

QB - Additional GAS PROCESSING Technologies 

1 1 ) 12) 1 3) 14) 1 5) 

Sour water treatment Real-time monitoring Separation efficiency Energy efficiency 
and automation 

Air emissions Electronic monitoring Liquid measurement Noise abatement Dynamic simulation 
and control (plant) 

Liquify natural gas Gas to liquid Fire protection Membrane technology Small scale LNG 
liquefaction to utilize 
remote wells 

Software simulation Environmental Air emission control & Data telemetry Energy optimization 
and gas data remediation soil, vapor recovery 
management wound water & 

ORM 

(C02, water cleaning, 
nat. gas liquids) 

Process to convert Oxygen removal 
CH4 Into liquids 

NOx reduction from Tall gas treating (from 
equipment (e.g. Claus) 
turbines) 



0 I 
......... 
en co 

Segment 

Service 

Service 

1 0) 

Environmental 
protection 

Natural gas 
liquifaclion 

QB - Additional GAS PROCESSING Technologies 

1 1 ) 1 2) 1 3) 1 4) 1 5) 
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Segment 

Independent 

Independent 

Integ. Gas/Oil 

Integ. Gas/Oil 

Integ. Gas/Oil 

Major 

Major 

Major 

Major 

Major 

Major 

Major 

7) 

Energy measurement 

Air emissions 

N2 rejection 

Deegftater offshore 
rapi life/joining 
system 

Less exrcensive 
electron c metering 

Fuel/emissions 
optimization 

Offshore rclr.eline 
laying/we d ng 

Sampling/analysis of 
low pressure gas 

Internal pipe 
inspection 

Modeling of 
multlphase flow In 
networks 

H2S reduction in  
gathering systems 

Hydrate control 

Q9 · Additional GAS GATHERING Technologies 

8) 9) 10) 1 1 )  1 2) 

Wet gas metering Hydrate Pulsation control 
control/removal 

Electronic flow Noise abatement Hydrate inhibition 
measurement 

Hifcher One efficiency 
In ow ,r,ressure 
gathe ng 

Dry dlverless pipeline 
repair system 

Limit state pension 
criteria 

Low pressure 
dehydration 

Ve� low pressure 
sys em models 

Pipeline repairs Pipeline upgrade 

Streams from 
wellheadnease 

Software (system Low volumenow Pipe coatings & 
models) pressure coating repair on ext. 

measurements 
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Segment 
--

Independent 

Independent 

Integ. Gas/011 

Integ. Gas/011 

Integ. Gas/Oil 

Major 

Major 

9) 

Horizontal drilling 
(modifications) 

Injection/Withdrawal 
flow metering 

Bedded salt 
technology 

Surface facility 
management 

HI pressure 
perforating 

Analysis and 
management of 
closure or creep In 
salt dome caverns 

Through casing 
logging 

Q10 · Additional GAS STORAGE Technologies 

1 0) 1 1 ) 1 2) 1 3) 14) 

Well safety systems Well 
monitoring/automation 

Compression 

Effect of gas 
temperature in salt 
cavern storage 

Operations 
optimization 

Bacterial control 



Q1 1 - Additional ENVIRONM ENTAL AND REGULATORY Technologies 

Segment 17) 1 8) 1 9) 20) 21 ) 

Independent Statisitical inventory 
reconciliation for 
underground storage 
tanks 

Independent Stream line 
environmental 
associates of 
operations on public 
lands 

Independent MGP remediation Risk base standards 
for MGP sites 

Independent Closed system drilling 

Independent Regulatory review 

Independent Reclaimation 
technologies 

Independent Produced water 
treatment for surface 
discharge 

Low cost vapor 
recovery systems 

Integ. Gas/Oil Emissions 
monitoring/identification 

Integ. Gas/Oil Wetland mitigation Endangered species Cultural resources 

Integ. Gas/Oil Bioremediation of Increased NOx emission Removal of toxic 
recalcitrant PAHs bioremediation rates reduction technologies inorganics from soil 

in subsurface 
environments 

Integ. Gas/Oil Hydrostatic test water Waste minimization 
disposal and reduction 

0 I 
...... 
0> (J.) 
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Segment 

Major 

Major 

Major 

Major 

Major 

Major 

SeNice 

SeNice 

Q1 1 - Additional ENVIRONM ENTAL AND REGULATORY Technologies 

17) 1 8) 1 9) 20) 21 ) 

Rational methods for 
estimating the full life 
cycle costs of 
environmental 
management practices 

Oil spill clean up 

Downhole separation 
of produced water & oil 

NORM-containing 
hardware smelting . 

Waste source 
reduction 

Advanced comrcutation 
models to �red ct 
disJf:rsion ransformatl 
on te of discharges to 
marine environment 

Incident prevention Risk assessment with Intrinsic Assess sediment Scientific assess of 
human & ecological bloremedlation petrol contamination 
euclpolnts 

Accurate macro & Government approved Comrauter generated 
micro oil spill risk risk-based levels of regu atory matrices 
Indexes financial responsibility 

Handling & transfer of 
hazardous liquids 
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Segment 1 2-2 Code 

Independent 

Independent 

Independent 

Independent 

Independent 

Independent 

Independent 

Independent 

Independent 

Barriers/Problems - Total 

Barriers/Problems 

Drilling costs, fracture costs, tight sands, fractured shales, formation damage due to Inappropriate drilling and completion techniques, ability to 
track efficacy of stimulation methods, problems with steering and measurement while drilling in horizontal wells-conventional and slim hole; 
and low Impact seismic acquisition. 
The biggest problem for us would be If we could not efficiently and effectively find enough oil and gas reserves to not only replace production 
but to also grow our company. As technology continues to Improve our abllfty to explore for both conventional and non-conventional reserves, 
It should help to alleviate the Impact of the problem. 
At first Indicated "no comment," then went on to say that the govemment should get out of this process. This Is a waste of government money. 
The government Is looking for places to cut spending, and this should be it. 
Since we are a small E&P company, advnaces In new technology are Important component for our growth. These emerging solutions provide 
a window of opportunity for future growth. 
1) Advanced recovery lnjectants preferentially move through fractures In dual permeability (fractured ,  low permeability matrix) reservoirs. A 
huge percentage of our properties are of this type and our company Is faced with productive lives of our reservoirs limited to primary 
production. Any emerging technology which can address secondary/tertiary production In these reservoirs Is of our highest priority. It Is for 
this reason that we have collaborated with USDOE on their Class I l l  Oil Research Program and would encourage additional research In this 
area. We believe additional research In the advanced recovery area to be a critical element In acquiring the large remaining reserves in 
existing fields. 2) In a broad categoJY, acquiring useful data for more detailed In-site reservoir characterization Is a large barrier for field 
development and recovery. Research on methods such as well to well tomography have been encouraged owed to ttleir high leverage if 
successful. Research to date has been disappointing but not condemning of the technique. Other techniques should be encouraged as well. 
3) Many In Industry are critical of collaborative research efforts of the government and Industry saying that the past proves that the best Ideas 
come from the Industry Itself. Many In government are also critical of the collaborations saying that what the projects amount to are subsidies 
for specific elements of the Industry. Neither of these class of critics reflect the actual truth and Ignore the Increasing need for cooperation 
between Industry and (IOVernment. A critical Industry Is best served by an assisting government and we believe the domestic oil and gas 
Industry to be extremely critical to the future of the U.S. We welcome the emphasis of the Federal government In the Investigation as 
represented by this survey.  We wish you the best of luck. 
Primary concern Is profitability of exploration and development activities. Technologies which could reduce exploration risk, reduce 
development cost, and/or Improve production performance would have the greatest benefit and Impact. 
The area that would most benefit us would be waste management of disposal i .e.,  new technology that would render hazardous waste 
harmless. 
Historically less than 50% of oll ln place Is recoverable with present enhancement methods. Technological solutions for Increasing that 
percentage would add significantly to our recoverable reserves. Also, most of the large reserve exploration opportunities remaining In the Western U.S. are In environmentally sensitive areas. Technological solutions for conducting seismic and other evaluation procedures that 
would provide the necessary data with less environmental disturbance would be helpful. 
The latest technologies seem to be too expensive relative to Its benefits. 
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Segment 

Independent 

Independent 
Independent 

Independent 

Independent 

Independent 
Independent 

Independent 
Independent 
Independent 
Independent 
Independent 
Independent 
Independent 
Independent 

Independent 

1 2-2 Code 

1 

1 00 
1 00 
1 00 
1 00 
1 00 
1 00 
1 00 
1 00 

1 ;4 

Barriers/Problems - Total 

Barriers/Problems 

As a developer of technology and provider of engineering services for the. oil and gas Industry, our ability to supply this needed resource will 
be enhanced through emerging technological solutions that: 1) allow more cost-effective analysis of complex process phenomena; I.e, 
Improved computer hardware and software, and models that can be used to optimize performance and reduce capital and operating cost. 2) 
Improve sensor and Instrumentation reliability and operating condition compatibility. Such advances will aid in developinq more efficient and 
reliable processes and machinery, and for use In the next generation of process control and diagnostic systems. 3) Prov1de R&D needs 
background Information (technology status and Industry needs) In a readily available form that can be used to establish priorities for SwRI 
corporate planning purposes. Electronic Information systems, video conferenclng, and other emerging technologies that can efficiently 
communicate Industry-wide technological needs to the R&D community will benefit both the developer and end user. 
Cost, access, technical knowledge, people, no R&D, tax Incentives, gover�ment regulations. 
Improved seismic imaging of potential reservoirs would increase success rates and help achieve reserve addition goals. Improved drilling and 
production techniques would help control costs. 
We explore for hydrocarbons In the U.S. Gulf of Mexico In areas covered by salt flows. Seismic Imaging of sedimentary structures below salt 
has not been possible in the past. Computational facilities and technical staffs of the National Laboratories can expedite the rapid 
development of depth imaging techniques to exploit sub-salt resources. Many western U.S. gas fields require fractures to produce. Advances 
In multi-component seismic, cross-well seismic and Improved models of fractured rock for Interpretation of seismic observation will help 
Industry exploit this resource. 

The oil and gas industry has been forced (for years) to operate as cheaply as they can allowing no room for R&D for most companies. Most 
companies are operating on shoestring budgets with as few people as they can. The technology that will get wells drilled quicker (cheaper) 
and refines a barrel of crude cheaper is what is needed. 
Lack of money prevents our company from supporting R&D. Small Independents spent lots of capital to replace what they produce. 
Access to R&D funds. 

RB 
No comment-none at this time. 
RB 
Refused to comment. 
RB 
No response. 
RB 
No comment. 

The traditional barrier Is economic feasibility, i .e., when the price of commodity is low. There Is an economic barrier or a barrier to attempting 
an elaborate solution. As the price becomes high, there Is more of an opportunity to try things. The second barrier Is staff availability; there 
are finite resources now. 
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Segment 

Independent 

Independent 

Independent 
Independent 
Independent 

Independent 

Independent 

Independent 
Independent 

Independent 

Independent 

Independent 
Independent 

Independent 

1 2-2 Code 

2 

2 

2 
2 
2 

2;3 

2;4 

2;4 
2;4 
2;4 

4 

96 
96 

?;1 ;4 

Barriers/Problems - Total 

Barriers/Problems 

Since we rely heavily on available processing technology, so long as the technology Is In the public domain there are few substantial 
Impediments. There Is concern that available technology to meet ever Increasing environmental requirements could limit the economic life of 
refining facilities. 
Environmental-the acquisition business Is severly hampered by the preoccupation with environmental problems. Both sellers and buyers 
spend resources and create very little from our efforts. 
Excessive environmental regulations. 
Barrier-complicated and unworkable environmental government regulations (federal and state). 
Most of the challenges occurring In the refining sector of the industry over the last ten years are the result of regulatory compliance from 
government solutions, not advances from technological solutions. The expenditures for regulatory compliance have encumbered Investment 
strategies of most companies. Expectations are that emerging technology solutions will produce a much better return of Investment than has 
occurred during the period of complying with government solutions. Therefore, unless government changes their posture from command and 
control of our Industry, I firmly believe that government Is both a barrier & problem to have adequate funds to invest In & advance with new 
technologies. 

Environmental & governmental regulations which might be lessened with advancing technology. A barrier Is economics. Some technology Is 
uneconomical under various pricing possibilities. 

Major problem at this time Is the limited profit margin provided by low natural gas prices. Technology can aid In solution by working to reduce 
costs/improve recoveries of existing reservoirs at limited additional costs. Certain governmental regulations and reporting requirements 
continue to complicate our business excessively. 
1) Government regulation, 2) pricing I .e. , the price of gas Is low and that restricts Natural Gas drilling. 
1) Well head prices for oil & gas remain low or go lower. 2) Capital continues to stay away from the Industry. 3) Regulations Increase. 4) 
Domestic activity continues to decrease. 
Environmental regulations and economics. 

The greatest challenge we face is remaining profitable and competitive in a low-price environment. Technology has proven to be our greatest 
ally in meeting that challenge. By utilizing technology advancements we are able to keep finding and development costs low, even as new 
hydrocarbon sources become more scarce. We firmly believe that technological advancements will continue in the future, and we plan to use 
these advancements in order to remain competitive regardless of weak prices. 

Nothing comes to mind-not for LDC Co. It would be different If we were producer or pipeline. 
Our company is a small Independent oil & gas operator. We have in the past worked with DOE, GRI & BEG and service companies on 
research & technology projects. We have no detail set budget for R&D-only as specific projects arise. 

For a natural gas producer, high costs coupled with a low gas price make many projects uneconomic. New technological breakthroughs could 
help in the following areas: 1 )  seismic technology-tower cost and higher accuracy, 2) drilling technology-lower cost, 3) deep water 
technology-lower cost, a) completion techniques, b) production techniques, c) transportation techniques, 4) any technology that would 
enhance the use of more natural gas a) higher demand would result in higher gas prices. 
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The primary problems encountered when adoJ?!ing new or emerging methods Involve: 1) training and familiarity of personal In the new 
methods; 2) normally high costs associated w1th new designs, e.g., demand on limited equipment; 3) rapid Identification of a successful new 
technology with sufficient examples/analogies for direct implementation. 

Deepwater pipeline for off gatherlng-1 ,000 meters. Low Btu combustors for gas turbines. More efficient gas compressors. Pollution free 
mobile engines or clean burning liquid fuels are needed to prevent the demise of the refined products business. Otherwise there will continue 
to be a strong push to electric cars or other low polluting vehicle fuels. 
Our company executes an acquisition/development strategy with limited exploration. Our main technology need prior to the acquisition Is 
Improved screening methods for lnfill potential. Subsequent to an acquisition, technologies which relate to spacing optimization are key, as 
well as development and operating cost minimization. 
The Natural Gas transmission & distribution segment of the business cannot Identify any barriers that would be resolved by an emerging 
technological solution. There could be benefits, but not something at this time. 

One respondent-Not able to respond-this Is a regional office of foreign-based company. Another respondent-Our Industry as a whole and our 
company In particular has reduced staff to a point to where It Is difficult to take advantage of new technologies. People only have so much time 
to work In a day; they do not have time to learn about new technologies so they refine old ones. Instead of Investigating a hot new technology, 
they are digging themselves Into a technological rut, say, seismic monitoring. What this means Is that new technologies lack champions. A 
new technology can be introduced but will not be fully utilized until someone In some company demonstrates that It Is remarkable. Then others 
will scramble to catch up. With downsizing, the people who are charged with Investigating details of new technologies are wasting time on 
making their own vlewgraphs, maintaining the comr.uter system, changing disk drives, etc. In cutting staff, there Is a need to re-distribute skills 
to the least-cost producer. In general, the oil Indus ry has not done this. Many Individuals who should be Investigating technologies are doing 
mundane tasks. The tieback Is that If people are doing mundane things and are not ready to adapt technologies, It makes no difference If 
there Is an excellent technology because people are not able to be receptive to it. 

Refused response. 
No comment-refused. 
RB 

1) New technologies generally require additional funds which are generally hard to come by. 2) Resistance to change even If It Is better. 3) 
New skill sets needed with new technology. 4) Ability to define new technology needs. 

The environmental impact and regulation of the emissions from combustion process continue to Inhibit growth opportunities. Technologies 
capable of near-zero emissions would be valuable. 

At the current time, our company Is being Impacted by Chapter 1 1 .  However, once these proceedln�s are behind us, we Intend to do whatever 
Is necessary to respond to competition in the E&D area to enhance our E&D properties value. Additionally, with energy prices expected to 
remain flat In real and nominal terms over the remainder of the decade, continued technological improvements will be needed to make the 
economics of funding and producing hydro-carbon reserves attractive . . 
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The major business challenge we face Is to Improve our profitability In a competitive commodity business which Is Increasingly constrained by 
regulations concerning operations and product performance. To meet this challenge, we must continue to reduce our finding and operating 
costs In all aspects of our business, Improve the reHabllity of our operations and add profitable reserves to our resource base. Technology can 
help us achieve these goals. We must continue to advance the core technologies of our business such as catalysis, reactor and process 
engineering, and the basic chemistry of our resource, products and processes. These form the basis for the competitive technological 
positions of Individual comcanles, particularly In our downstream business. We need to pursue selectad collaborations which advance our 
technology In these areas ut which will not jeopardize our relative competitive position. In the upstream areas of our business, most 
operations are already joint with other comcanles, and making advances In technology to distinguish one company from another Is becoming 
less Important than It Is In the downstream uslness. Technology advances, however, remain vitally Important to Improve the heaHh of the 
Industry as a whole, and In the upstream these are being accomplished primarily through joint Industry projects. In the upstream such 
advances can reduce the cost of finding and producing oil and make new resource areas, such as deep water and arctic areas, economic. At 
the same time that we Improve our core technologies, we must find ways of adapting and applYing supporting technologies which are growing 
up outside our Industry. These technologies have the potential to advance our core technologies and, In conjunction with them, to Improve our 
opetations. This task ls a particular challenge since these supporting technologies are not those In which we have the strength to make 
inventions or advance the technology on our own. Indeed, these technologies often form the basis for other Industries that act as vendors to 
our own. Our challenge will be to form effective partnerships to encourage the development of these supporting technologies In ways that will 
benefit our Industry and to find the right ways to use them In our Industry. Supporting technologies which will have particular Impact In the 
future are computational and Information technologies, advanced control and process monitoring technologies and materials technology. In 
addition we have a strong Interest In encouraging the development of cost effective approaches to meet environmental requirements and less 
expensive ways of remedlating detrimental environmental effects of past activities. In both the downstream and upstream businesses, a key to 
successful performance Is the IMPLEMENTATION of technologlcal advances. In many Instances the rapid and successful deployment of a 
technology can be more Important to a company than having made the original invention of the technology. 
The technical problem for major oil companies as I see It, Is tech transfer. The problem Is getting the technology Implemented on the field. 
The key decision maker Is the person on the well-site; he must know and understand what we are trying to communicate. 
1) Understanding the migration of hydrocarbons during the basin evolution; 2) correctly Imaging In structurally complex areas; 3) making 
realistic economic evaluations of exploration opportunities; 4) understanding how and when faults act as seals and transmission paths. 
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A) Bring more prospects Into commercial developments. This will require lower-cost exploration and development drilling and production 
technology, as well as more effective exploration (pre-and post-driiO methods, including: accurate direct hydrocarbon seismic Indicators, 
Improved risk assessments and analysis techniques (visualization, high performance computing, etc.), extended reach and horizontal drilling 
techniques, slim hole drilling techniques for exploration and delineation, lower-cost workover techniques such as coiled tubing methods, 
three-phase metering and pumping systems for new fields to use existing facilities, minimum foot print and weight facilities for remote and 
offshore development, multilateral drilling and advanced fracturing approaches to Improve productivity, and productivity enhancements of 
heavy oil fields, especially shallow Alaska North Slope accumulations. B) Reduce production costs ,wlth better well and field management 
approaches, Including: Improved water and gas shutoff techniques, better management and use of horizontal wells, Improved use of fracturing 
and matrix stimulation approaches. C) Find methods to make commercial remote and low inherent value gas fields, Including: Improved 
conversion technologies for making liquid products from natural gas, and lower-cost Infrastructure development for pipelines and road access 
to fields. D) Information management In a more diverse and complex lndustry, lncludlng: rapid means to exchange large amounts of complex 
(engineering, seismic, etc.) data worldwide, more effective translation methods due to increasingly international work force, and enhanced 
analysis speed via application of parallel computing processes. E) Application of Improved and lower-cost environmental techniques, 
including: allow sound exploration and development In more sensitive areas, eliminate more waste before It Is created and find better uses for 
wastes once they are created. 
Primary barriers are In reducing drilling costs and Improving hydraulic fracturing effectiveness In low permeability, deep reseNoirs. 
1) Improvement in exploration success must come from cost-effective enhancement of seismic acquisition, imaging through salt and other 
marking rock formations, and better processing of the acquired data. 2) The cost of dwelling wells is too high, especially deep Inshore wells or 
wells In deep water offshore. 3) Prevention and remedial measures are needed for organic depositions (asphaHhenes, waxes, gas hydrates) 
especially offshore In multlphase nibsco(?) lines. 4) There Is a need for cheaper floating production platforms for deepwater development. 5) 
At present there is often no economic means to transport to market gas from single Inshore wells, from small onshore and offshore fields, with 
fields In remote locations. Development of an economic liquefaction process for small gas flow rates (from single well to just below the 
economic size of a present LNG plant) is needed. 6) Improved reseNoir characterization. 7) Improved ability to meet environmental 
mandates in a cost effective manner, and based on risk assessment and cost benefit analysis. 8) Improved technologies leading to lower 
operating costs, like in production operations and refining. 9) Advantages from lighter processing equipment to offshore platforms, both when 
adding facilities to existing platforms and to reduce overall weight, size and cost of deepwater platforms. 
Relatively higher development/operating costs per BOE for C02 EOR projects. Relatively higher development cost of tight gas. High water 
handling costs, both offshore and onshore. Cost effective secondary gas recovery. · 

Any technological solution which lowers our cost or Is ahead of our competitors would Increase our profitability. Lowering cost for the Industry 
as a whole would benefit all and would Increase consumer demand. 
Information technology and/or Information management: advancements Impact cuHure and organization to such an extent that we often 
Implement very poorly In the form of making the old processes slightly more efficient rather than changing the business process. Most "Field 
Technologies" require demonstration to be accepted. Demonstration difficuH due to well costs. 

Financial resources insufficient. Research cut to bare bones. 

RB 
No comment. 
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High environmental costs In all areas-remediation, air and water stationary sources, product quality. 

In general, world wide oversupply and low prices preclude significant R&D exrendltures. High demand and higher prices will drive private 
enterprise to develop needed technology. Specific areas where technologica advances would help include cost-effective drilling 
Improvements and cost-effective deep-water development schemes. 

A) UPSTREAM OFFSHORE FACILITIES DESIGN Technology barriers In the area of produced fluids Include paraffin prediction, prevention 
and remediation. More work is needed In deepwater pipeline installation, maintenance and repair. Better multiphase flow software technology 
Is required-including measuring actual multi phase flow paths, development of pumps/meters and development of subsea separation 
equipment. Improvements In electrical submersible pumps are needed. We would be more Involved with the National Labs and other 
collaborative efforts except for concerns over uncertaintY. of government funds and (slow) pace. B) DOWNSTREAM ACTIVITIES 1 )  Costs 
(both money & time) to remedlate sites to a condition suitable for alternate developments. 2) Ability to manufacture and market In an 

· environment of regulations that have a high cost of compliance and little benefit of improved conditions and little probability of paying for 
Improvements. C) EXPLORATION The risk vs expected return for exploring the remaining big potential plays In deepwater is the biggest 
barrier that might be alleviated by the emerging technologies. Better Imaging of these prospects through advanced data acquisition, 
processing and visualization techniques and other risk reduction methods, I.e., fault seal analysis or even better risk assessment methods will 
have the biggest impact on our business tech. that significantly reduce the imaging (3D Seismic Acquisition) costs and environment Impact 
could also improve the risk to reward equation and make these plays achievable. D) OFFSHORE PRODUCTION 1 )  We perceive there is a 
barrier to the use of new solutions because existing regulations do not encourage the field testing (Pilot Programs) of emerging technologies. 
2) The current business environment (lack of sufficient capital) minimizes the resources available for technology development and 
deployment. 
A) UPSTREAM 1) The ability to economically treat water for recycle or surface disposal. 2) The ability to clean drill cuttings when using oil or 
"near" oil base drilling needs for disposal overboard (in water). 3) The ability to. remove sulfur from crude oil and gas economically at very low 
level residual. Note: The barriers to all these are money and fair/reasonable treatment by the EPA and the Federal regulatory process. B) 
DOWNSTREAM Refining: Business need Is to operate in a profitable manner while meeting the ever-changing regulations. Basic barriers 
and problems are: 1) Cost of health, safety and environmental systems. 2) Lack of lead time provided by regulatory environment. 3) Need to 
handle large amounts of data. 4) Crude slate changes. 5) Tightening of product quality specifications. 6) New regulatory requirement on all 
media and products. Also, technology breakthroughs In catalyst area needed for better sulfur recovery. Oecisions in these key areas must be 
cost effective and based on risk assessment and dynamic system modeling (as opposed to static). C) GAS GATHERING AND PROCESSING 
Highly competitive environment means comrany must work more efficiently with fewer persons. Much technology In gas gathering/processing 
Is very well established with the exception o automation technologies (I.e., electronic flow measurement and radio telemetry). As this 
technology is proven out-we are installing and utilizing. In addition, there have been very few technological advances In areas like acid gas 
treatment, hydrocarbon separation and pipelines. Amino gas treatment technology has not changed essentially for 70 years plus. The latest 
in hydrocarbon separation was cryogenic processing which began in the late 60s. While plastic pipe has grown in its use in our Industry over 
the past 25 years, there could still be significant progress made in increasing the pressure ratings of plastic pipe. Another technology that 
could vastly improve the efficiency of the gas gathering, transmission and distribution sectors would be leak detection. There has been some 
work in this area, but It hasn't come to much. 

Lack of accurate and assimilated data to develop risk-based computer programs (indexes, etc.) to aid in corporate and governmental 
decision/policy making; lack of accessible clearinghouses/repositories for these data; lack of systematic initiatives to collect and assimilate 
such data. 
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Aging of our pump technology is a major concern . As processes change the market for this equipment decreases. 
A) Resolution limitations in seismic and borehole techniques; B) Limitations in cost reductions achievable with equipment used in field 
measurement systems without significant reductions in size and weight; C) Limitations in cost effective testing of new 
techniques/equipment/concepts in the absence of sufficiently robust, cost effective simulators; D) Funding means that fit management's 
budgetary constraints yet permit sufficiently broadly based R&D to capitalize on emerging technologies. 
Government inteNention; differentiated new bit types & bottom hole assembly equipment. 
Certain petroleum Industry operations cause safety and environmental fears and concerns on the part of the public and, Indirectly, cause 
political barriers to be erected preventing further development of domestic oil and gas production. Many of these concerns are not well 
founded or based on sound saence. Merging technologies, effectively applied and communicated, should contribute to the lowering ofthese 
barriers. 
Tooling issues associated with new materials such as plastics or ceramics. 
As a seNice company, we stay abreast of the challenges that confront our client community. These challenges Include Increasing 
environmental regulation,  intense competition that calls for Impartial productivity, better returns from capital expenditures, etc. Our technology 
development activities are thus very much market driven and aimed at meeting our clients' requirements. Our goal Is to have the appropriate 
technology on line at the right time. Therefore, technology Identification and time to market are the two factors that most significantly impact 
our corporate business needs. 
Access to classified or confidential techniques for metal surface hardening. Evaluation of numerous hardening techniques to Identify most 
efficient one to use. Controlled testing of candidate techniques and conclusive feedback. 

Access to captial. 

None that I can think of. 
Response by corporate office. 
RB 
Old not respond after many calls and fax. 

Barriers would be legislation Involving environmental concerns or restrictions to developmental drilling, such as California coast off shore. 
Also, restrictions on drilling on land, such as Alaska. 
Emmlssions control on plants & compressors. 

If emerging technological solutions are "subsidized" by the government, there would be very little incentive for private Industry to invest their 
own money In R&D. 

None. 

1) Financial resources insufficient to address the needs. 2) Majority of the technical development focused on short term needs. 3) Broad 
technology Initiatives to address industry problems such as a) environment, b) deep water technology, etc. , requiring pooling of resources. 

The big problem is too much government regulation; we're being hit with a lot of things. For specific technologies, we do need further 
enhancement of 3-D seismic. 

1) Slow down of environmental regulations enforcement: would restrict purchase of capital equipment; 2) general worldwide slow down of 
business: would limit capital equipment procurement; 3) fall in the price of oil, etc. New, emerging technologies would offset those barriers; 
e.g. multi-phase pumping would greatly reduce the cost of subsea oil production; subsea water Injection, if developed, would do the same. 
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